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Science, technology and innovation are seen as key enablers for most of the United Nations 
Sustainable Development Goals (SDGs). However, benefits of social and technical change originating 
from the dominant innovation processes typically do not reach those who are disproportionately less 
resourceful and socially more disadvantaged, such as rural inhabitants and smallholder farmers. This 
problem points to the need to reorient the innovation process towards more inclusive, socially just 
and environmentally sound patterns of development that align with the UN SDGs. There is a growing 
interest in innovative approaches that recognize the needs of poor, grassroots and marginalized 
communities and involve them directly in the process. These innovations come under the constraint-
based innovations umbrella, and are defined as affordable and accessible to a broader range of people 
in resource-scarce contexts. Some scholars assumed that approaches such as constraint-based and 
frugal innovations are inclusive and environmentally sound. They consider these innovations suitable 
to simultaneously benefit the poorest and meet their needs at scale, create value for enterprises, and 
promote inclusive growth. Despite positive efforts, this type of innovation features similar failures to 
meet the SDGs as the dominant innovation processes. Introducing ICT-based innovations might 
exacerbate the existing digital divide, instead of generating benefits to larger shares of the population. 
In addition, constraint-based innovations have been studied in sectors different from agriculture. 
Similarly, research concerning constraint-based innovation in Latin America is largely lacking. There is 
thus an urgent need to further examine this type of innovation in the agricultural sector and other 
regions and to generate evidence on how such innovations are being developed and how they are 
aligned with the SDGs. The overall aim of this doctoral research is to advance knowledge on agricultural 
constraint-based innovations’ attributes, and outline its potential and pitfalls in designing for 
sustainability. 
This dissertation begins with a systematic literature review on constraint-based agricultural 
innovations. The focus is mainly on three attributes of these innovations, namely (1) the level of 
participation in innovation networks during the design, (2) the direction of the innovation and (3) the 
scale of production. These attributes are then coupled to a well-known adoption model, the Unified 
Theory of Acceptance and Use of Technology (UTAUT) to assess small-scale farmers’ intention to adopt 
a smartphone application. For this, a case study of a mobile application that targets Mexican 
smallholder farmers is used. The last two chapters aim to adapt, test and validate a comprehensive 
framework that builds upon the SDGs to evaluate sustainability targets of constraint-based innovations 
in ex ante and ex post stages. For the ex ante stage, a case study of projects actively involving end-
users in the design (Citizen Science and crowdsourcing applications) is used. For the ex post stage, a 
sustainability assessment by experts is conducted to assess frugal water innovations on the market.  
Summary 
xv 
Chapter 2 compiles empirical evidence from 30 successful (and unsuccessful) cases. This review 
chapter is the first study to ever propose a framework to investigate agricultural constraint-based 
innovations from the design phase until a sustainability assessment. The important role of successful 
scaling innovation networks during early phases of innovation development, as in the case of the 
Honey Bee Network in India, is highlighted. The findings suggest the need for research on innovation 
ecosystems to promote action at local and regional levels. This kind of innovation ecosystem was 
further studied in Chapters 3 and 4 by looking at an innovation hub where Mexican farmers interact 
frequently with extension agents, research institutes and government organizations.  
Chapter 3 makes an important contribution to constraint-based innovations and frugality studies 
by coupling empirically an adoption model with the identified innovation attributes. This chapter 
assesses farmers’ intention to adopt a constraint-based smartphone application (hereafter referred to 
as the app) through UTUAT. The findings highlight the importance of the role of innovation hubs to 
moderate the intention to adopt. For farmers who are not connected to an innovation hub, having the 
necessary resources, knowledge and support from others appeared to be drivers of the intention to 
adopt. One practical approach to include those not connected is to provide nontechnological enablers 
such as digital skills and extension services to support farmers’ troubleshooting with the app, especially 
in the early adoption phase. Furthermore, the intention to learn and master the use of the app is 
revealed as a driver for the intention to adopt. These results suggest that knowledge systems could 
increase not only farmers’ intention to adopt but also digital literacy and engagement of younger 
farmers in agricultural activities. In addition, studies investigating nonfinancial incentives related to 
farmers’ support and capacity building that built upon their intention to learn and master an app are 
recommended. In relation to the same app, Chapter 4 evaluates farmers’ preferences regarding 
nonfinancial incentives and their preferences concerning the sharing of the data they upload in the 
app. The study observed heterogeneity in farmer preferences for data sharing linked to their 
relationship with the innovation hub and the adoption intention revealed in Chapter 3. These results 
are some of the first to show that data sharing might prevent smallholder farmers’ intention to adopt 
the app. It is recommended that future studies address data, content and access rights which include 
smallholders’ preferences. Furthermore, three sub-groups of farmers were distinguished: ‘Value 
extension’ farmers who are most likely to be connected to the hub, ‘Value mastery, cost-averse’ 
farmers who have a lower behavioural intention to adopt, and the ‘Value data privacy’ farmers, who 
are negatively oriented towards sharing data frequently and with private companies. These findings 
may help to identify more effective ways to introduce a new app technology to different groups of 
farmers and to integrate it to extension services and access to training whenever possible.  
Summary 
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Chapter 5 explores, for the first time in Mexico, the concept of frugal water innovation by 
comparing it with the concepts of social and catalytic innovation. This study provides valuable insights 
into regionally embedded terms. Studies generating or investigating social innovations databases in 
Latin America are highly recommended. Two water innovations in Mexico were analysed: an ecological 
wastewater treatment plant, and a rainwater harvesting system for rural communities. The role of 
local partnerships and government involvement is recognized as a key element for the implementation 
of rain water harvesting in communal systems. These findings help to show how the innovation 
networks’ attribute can be understood in understudied geographies. Moreover, a framework to 
evaluate sustainability is further validated for these innovations, extending the framework validity in 
different geographical regions.  
Finally, Chapter 6 takes a practice-oriented approach to operationalize the abovementioned 
findings and focuses on the scaling attribute of constraint-based innovations and on designing a 
responsible and sustainable scaling ambition. A toolkit is developed to define responsible scaling 
ambition(s) of Citizen Science (CS) projects in agriculture to match project outcomes with the SDG 
goals, indicators, and targets in a systematic way. It also includes a module for checking for frugal 
features, and a checklist for data ethics management. It has been tested and validated with experts to 
offer a way to monitor and evaluate these outcomes throughout the project, instead of just at the end 
of it. This is the first study that establishes the potential of constraint-based innovations features (scale, 
innovation network, direction of the innovation) in complementary Citizen Science research in 
agriculture. We therefore suggest that other studies attempt to consider complementary disciplines 
when examining constraint-based innovations at scale.  
The dissertation concludes that constraint-based innovations in agriculture, and specifically ICT-
based innovations, still face challenges to deliver impact on sustainability dimensions at scale, 
especially on inclusiveness. If the focus lies solely on the digital technology (e.g. end-product) and not 
on farmers’ intention and preferences, innovation networks and enabling environments, innovations 
are likely to promote dominant innovation patterns instead. This research highlights that both a 
product- and a user-centred approach is needed to design for sustainability outcomes. Designers and 
project managers should engage with grassroots movements and innovation networks to design and 
ideally co-create digital solutions that are inclusive, have a sustainable impact at scale and contribute 
to systemic change. Nevertheless, this alone cannot counter the deficits in (access to) ICT infrastructure 
and digital inclusion (literacy and skills). It also requires joint commitments and willingness from 
different stakeholders to address these challenges and established ‘rules of the game’ for data, content 
and access rights that are critical for responsible scaling.  
Summary 
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Besides challenges, the present dissertation shows alternate and complementary disciples in 
agricultural research for development and Citizen Science applications in which constraint-based frugal 



































Wetenschap, technologie en innovatie worden gezien als belangrijke factoren om de meeste  
Duurzame Ontwikkelingsdoelstellingen (SDG's) van de Verenigde Naties te verwezenlijken. De 
voordelen van sociale en technische veranderingen die voortkomen uit de dominante 
innovatieprocessen, bereiken echter doorgaans niet diegenen die onevenredig armer en sociaal meer 
achtergesteld zijn, zoals plattelandsbewoners en kleinschalige boeren. Dit probleem wijst op de 
noodzaak om het innovatieproces te heroriënteren naar meer inclusieve, sociaal rechtvaardige en 
ecologisch verantwoorde ontwikkelingspatronen die aansluiten bij de SDG's van de VN. Er is groeiende 
belangstelling voor nieuwe innovatiebenaderingen die de behoeften van arme, grassroots en 
gemarginaliseerde gemeenschappen erkennen en hen rechtstreeks bij het proces betrekken. Deze 
innovaties vallen onder de paraplu van constraint-based innovaties en worden gedefinieerd als 
betaalbaar en breder toegankelijk voor mensen in contexten met schaarse middelen. Sommige 
wetenschappers gaan er van uit dat benaderingen zoals constraint-based en zuinige innovaties,  
inclusief en milieuvriendelijk zijn. Ze achten deze innovaties geschikt om tegelijkertijd de armsten ten 
goede te komen en op grote schaal in hun behoeften te voorzien, waarde te creëren voor 
ondernemingen en inclusieve groei te bevorderen. Ondanks positieve inspanningen vertonen dit type 
innovaties echter vergelijkbare tekortkomingen als de dominante innovatieprocessen om de SDG's te 
halen. Zo zou de introductie van op ICT gebaseerde innovaties de bestaande digitale kloof kunnen 
verergeren, in plaats van voordelen te genereren voor grotere delen van de bevolking. Constraint-
based innovaties werden reeds onderzocht in andere sectoren dan de landbouwsector. Evenzo 
ontbreekt het grotendeels aan onderzoek naar constraint-based innovaties in Latijns-Amerika. Het is 
daarom dringend nodig om dit soort innovatie in de landbouwsector en in andere regio's verder te 
onderzoeken en om bewijs te genereren over hoe dergelijke innovaties worden ontwikkeld en hoe ze 
bijdragen aan de SDG's. Het algemene doel van dit doctoraatsonderzoek is om de kennis over de 
kenmerken van constraint-based innovaties in de landbouwsector te vergroten en zowel het 
potentieel en de valkuilen te schetsen bij het ontwerpen van innovaties voor duurzaamheid.  
Dit proefschrift begint met een systematisch literatuuronderzoek naar constraint-based 
landbouwinnovaties. De focus ligt voornamelijk op drie kenmerken van deze innovaties, namelijk (1) 
de mate van deelname aan innovatienetwerken tijdens de ontwerpfase, (2) de richting van de 
innovatie en (3) de omvang van de productie. Deze attributen worden vervolgens gekoppeld aan een 
bekend adoptiemodel, de Unified Theory of Acceptance and Use of Technology (UTAUT), om de 
intentie van kleinschalige boeren om een smartphone-applicatie te adopteren te beoordelen. Hiervoor 
wordt een case study gebruikt van een mobiele applicatie die gericht is op Mexicaanse kleinschalige 
boeren. De laatste twee hoofdstukken zijn bedoeld om een uitgebreid framework aan te passen, te 
testen en te valideren dat voortbouwt op de SDG's om duurzaamheidsdoelstellingen van constraint-
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based innovaties ex ante en ex post te evalueren. Voor de ex ante fase wordt gebruik gemaakt van een 
case study van projecten waarbij eindgebruikers actief betrokken zijn bij het ontwerp (Citizen Science 
en crowdsourcing applicaties). Voor de ex post-fase wordt een duurzaamheidsbeoordeling door 
experts uitgevoerd om de zuinige waterinnovaties die al op de markt zijn te beoordelen. 
Hoofdstuk 2 verzamelt empirisch bewijs van 30 succesvolle (en niet succesvolle) gevallen. Dit 
overzichtshoofdstuk is de eerste studie ooit die een framework voorstelt om constraint-based 
landbouwinnovaties te onderzoeken vanaf de ontwerpfase tot aan een duurzaamheidsbeoordeling. 
De belangrijke rol van succesvol opschalen van innovatienetwerken tijdens vroege fasen van 
innovatieontwikkeling, zoals in het geval van het Honey Bee Network in India, wordt benadrukt. De 
bevindingen suggereren de noodzaak van onderzoek naar innovatie-ecosystemen om actie op lokaal 
en regionaal niveau te bevorderen. Dit soort innovatie-ecosysteem werd verder bestudeerd in de 
hoofdstukken 3 en 4 door te kijken naar een innovatie hub waar Mexicaanse boeren veel interageren  
met voorlichters, onderzoeksinstituten en overheidsorganisaties. 
Hoofdstuk 3 levert een belangrijke bijdrage aan constraint-based innovaties en studies over 
frugaliteit door empirisch een adoptiemodel te koppelen aan de geïdentificeerde innovatieattributen. 
In dit hoofdstuk wordt de intentie van boeren beoordeeld om een constraint-based smartphone-
applicatie via UTUAT te gebruiken. De bevindingen onderstrepen het belang van innovatiehubs om de 
intentie tot gebruik te beïnvloeden. Voor boeren die niet zijn aangesloten op een innovatie hub, bleken 
de eigen nodige middelen, kennis en ondersteuning door anderen de drijfveren voor hun intentie tot 
gebruik. Een praktische benadering om degenen die niet verbonden zijn op te nemen, is om niet-
technologische hulpmiddelen aan te bieden, zoals digitale vaardigheden en voorlichtingsdiensten, om 
boeren te ondersteunen bij het oplossen van problemen met de app, vooral in de vroege adoptiefase. 
Bovendien wordt de intentie de app te leren gebruiken en te beheersen onthuld als een drijfveer voor 
de intentie om de app te gebruiken. Deze resultaten suggereren dat kennissystemen niet alleen de 
intentie van boeren om iets te gebruikenkunnen vergroten, maar ook positieve invloed hebben op de 
digitale geletterdheid en betrokkenheid van jongere boeren bij landbouwactiviteiten. Daarnaast wordt 
aanbevolen verder onderzoek te doen naar niet-financiële prikkels met betrekking tot de steun en 
capaciteitsopbouw van boeren die voortbouwen op hun intentie om een app te leren en onder de knie 
te krijgen. 
Voor dezelfde app worden in hoofdstuk 4 de voorkeuren van boeren met betrekking tot niet-
financiële prikkels geëvalueerd en hun voorkeuren met betrekking tot het delen van de gegevens die 
ze uploaden in de app. De studie observeerde heterogeniteit in de voorkeuren van boeren voor het 
delen van gegevens in verband met hun relatie met de innovatie hub en de intentie tot gebruik van de 
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app die in hoofdstuk 3 wordt onthuld. Deze resultaten zijn één van de eerste die aantonen dat het 
delen van gegevens de intentie van kleinschalige boeren om een app te gebruiken, zou kunnen in de 
weg staan. Het wordt aanbevolen dat toekomstige studies rekening houden met gegevens, inhoud en 
toegangsrechten en de voorkeuren van kleinschalige boeren. Verder werden drie subgroepen van 
boeren onderscheiden: 'Waarderen ondersteuning' boeren die het meest waarschijnlijk verbonden 
zijn met de hub, 'Waarderen deskundigheid, kosten-aversie' boeren die een lagere gedragsintentie 
hebben om de app te gebruiken, en de 'Waarderen gegevens privacy' boeren, die negatief staan 
tegenover het veelvuldig delen van gegevens en met particuliere bedrijven. Deze bevindingen kunnen 
helpen om een beter begrip te krijgen van effectievere manieren om een nieuwe app-technologie te 
introduceren bij verschillende groepen boeren en om deze waar mogelijk te integreren in 
ondersteunende diensten en toegang tot opleiding. 
Hoofdstuk 6, voor het eerst in Mexico, het concept van zuinige waterinnovatie door het te 
vergelijken met de concepten van sociale en katalytische innovatie. Deze studie biedt waardevolle 
inzichten in regionaal ingebedde termen. Studies die databases voor sociale innovaties genereren of 
onderzoeken in Latijns-Amerika worden sterk aanbevolen. Twee waterinnovaties in Mexico werden 
geanalyseerd: een ecologische afvalwaterzuiveringsinstallatie en een opvangsysteem voor regenwater 
voor plattelandsgemeenschappen. De rol van lokale partnerschappen en overheidsbetrokkenheid 
wordt erkend als een sleutelelement voor de implementatie van regenwateropvang in 
gemeenschappelijke systemen. Deze bevindingen laten zien hoe het kenmerk van de 
innovatienetwerken kan worden begrepen in weinig bestudeerde regio's. Bovendien wordt een 
framework om duurzaamheid te evalueren verder gevalideerd voor deze innovaties, waardoor de 
geldigheid van het framework in verschillende geografische regio's wordt uitgebreid. 
Hoofdstuk 5 hanteert een praktijkgerichte benadering om bovenstaande bevindingen te 
operationaliseren. De focus van dit laatste hoofdstuk ligt op het schaalkenmerk van constraint-based 
innovaties, en op het ontwerpen van een verantwoorde en duurzame schaalambitie. Er is een toolkit 
ontwikkeld om verantwoorde schaalambitie(s) van Citizen Science (CS)-projecten in de landbouw te 
definiëren om de projectresultaten op een systematische manier af te stemmen op de SDG-doelen, 
indicatoren en targets. Het bevat ook een module voor het controleren op zuinige functies en een 
checklist voor data-ethiekbeheer. Het is getest en gevalideerd met experts om een manier te bieden 
om deze resultaten tijdens het project te bewaken en te evalueren, in plaats van pas aan het einde 
ervan. Dit is de eerste studie ooit die het potentieel van constraint-based innovatiefuncties (schaal, 
innovatienetwerk, richting van de innovatie) in complementair Citizen Science-onderzoek in de 
landbouw vaststelt. We suggereren daarom dat andere studies proberen om complementaire 
disciplines in overweging te nemen bij het onderzoeken van constraint-based  innovaties op schaal. 
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Het proefschrift concludeert dat constraint-based innovaties in de landbouw en in het bijzonder op 
ICT gebaseerde innovaties, nog steeds voor uitdagingen staan om impact te hebben op 
duurzaamheidsdimensies op grote schaal, vooral op inclusie. Zolang de focus uitsluitend ligt op de 
digitale technologie (bijv. eindproduct) en niet op de intentie en voorkeuren van boeren, 
innovatienetwerken en faciliterende omgevingen, zullen innovaties in plaats daarvan waarschijnlijk 
dominante innovatiepatronen bevorderen. Dit onderzoek benadrukt dat zowel een product- als een 
gebruikersgerichte benadering nodig is om te ontwerpen voor duurzame resultaten. Ontwerpers en 
projectmanagers moeten samenwerken met grassroots bewegingen en innovatienetwerken om 
digitale oplossingen te ontwerpen en idealiter mede te creëren die inclusief zijn, een duurzame impact 
op schaal hebben en bijdragen aan systemische verandering. Toch kan dit alleen de tekorten in 
(toegang tot) ICT-infrastructuur en digitale inclusie (geletterdheid en vaardigheden) niet opvangen. 
Het vereist ook gezamenlijke toezeggingen en bereidheid van verschillende actoren om deze 
uitdagingen aan te pakken en er zijn "spelregels" vastgesteld voor gegevens, inhoud en 
toegangsrechten die cruciaal zijn voor een verantwoorde schaalbaarheid. Naast uitdagingen toont dit 
proefschrift alternatieve en complementaire discipelen in landbouwonderzoek voor ontwikkeling en 
Citizen Science-toepassingen waarin constraint-based en zuinige innovaties hun inspanningen zouden 










































Although progress is being made in many areas, the action to meet the United Nations Sustainable 
Development Goals agenda is not yet advancing at the required speed or scale. The Decade of Action, 
kicked off by the United Nations in 2020, calls for accelerating sustainable solutions for all the world’s 
biggest challenges — ranging from poverty and gender to climate change, inequality and closing the 
finance gap despite the aftermath of the current COVID19 crisis (UN, 2020). Pressing challenges at 
present include helping Bottom of the Pyramid (BOP) consumers to meet basic needs (food, clean 
water, sanitation, electricity, and health care) and to enhance their quality of life by providing them 
with financial services, information and communications technologies (ICT) and education. The BOP is 
the largest and poorest socio-economic group in the world, representing an US$750 billion market in 
the Latin America and Caribbean regions (Azevedo et al., 2015). It therefore provides a unique niche 
for innovations targeting the BOP or originating from the BOP in both emerging economies and the 
developed world. This prompted me to investigate constraint-based innovations which were first 
introduced in emerging markets and target the satisfaction of Bottom of the Pyramid (BOP) needs.  
Generally, constraint-based innovations are characterized by “an approach to the whole 
innovation process which is based on variables driving cost-effectiveness and ease-of-use” (Agarwal 
et al.,2017). They are also defined as “the process of innovating in conditions of constraint, to produce 
solutions that are substantially more affordable than alternatives and accessible to a broader range of 
people, while also meeting user needs as – or even more – effectively” (NESTA and Fraunhofer ISI p.5, 
2017). Frugal innovations are a subset of constraint-based innovations, defined recently based on its 
logic, process and outcome (Onsongo and Knorringa, 2020). A well-known and documented example 
of mobile phone technology-induced frugal innovation is the M-Pesa payment system in Kenya (Table 
1-1). M-Pesa (M for mobile, pesa is Swahili for money) is a mobile phone-based money transfer service, 
payments and micro-financing service, launched by a private-private-NGO partnership (Foster and 
Heeks, 2013; Onsongo, 2019).Specifically, services that use M-Pesa are: Kilimo-Salama, which offers 
agricultural micro-insurance through mobile phones and M-Farm offering market access services for 
smallscale farmers. 
Frugal innovation studies predominantly focus on health, electricity, transport and energy sectors 
in India and China, while less attention has been paid to innovation processes in the agricultural and 
water sectors in Latin American countries (Agarwal et al., 2017; Bendul et al., 2017; Pisoni et al., 2018). 
There is thus a clear need to further investigate these sectors and geographical regions where there is 




Table 1-1: Constraint-based innovations along dimensions and an example in ICT 





Constraints: Resources, meet user 
needs more effectively; Response 
to institutional limitations in 
emerging markets; e.g. Grassroots, 




Frugality: Doing more with 
less; Experimentation, 
improvization, bricolage; e.g 
Jugaad 
 
Public services provision 
(money transfer, 
payments, micro-
financing) in Kenya 
Process Focus on the whole process 
Prescriptive variables (design, 
scalability, and direction of the 
innovation) 
Actual adoption by final user 




Resources used in 
development 
Business model innovation 
 
Reduction of 
transaction length and 
hence costs for the 




partnerships to scale 
Outcome  Cost-effective (perceived usefulness 
by final users) of products and 
services 
Perceived ease-of-use of products 
and services 
Cheaper, but highly 
functional products 
(durable, portable, robust, 
etc.) Disruption of markets 
(New) Frugal practices 
 
 
Disruption of markets, 
new services: Kilimo-
Salama and M-Farm 
 
Due to their promise of providing economic, social and environmental benefits simultaneously, 
these innovations have gained the attention of firms searching for business opportunities and policy-
makers pursuing sustainability and inclusive growth (Granqvist, 2016). Some scholars, particularly in 
the field of business and management studies, have assumed that frugal innovations can promote 
sustainability, and that these innovations are suitable to simultaneously benefit BOP needs, and create 
value for enterprises. To this respect, scholars commonly debate innovation impacts on sustainability 
dimensions from a product and service perspective while the positive impact for people at the BOP is 
commonly assumed.  Nevertheless, this dissertation argues that these innovations, especially in ICT for 
agriculture and innovations in the water supply sector, are not just products and services but also have 
the potential to facilitate the design for sustainability and scalability in broader context. To do so, this 
PhD research focuses on the following innovations proposed as constraint-based and frugal 
innovations respectively:  
(1) An agricultural mobile phone app for smallholder farmers because of the ex ante focus on user-
perspectives and aims to promote sustainable practices (Section 1.1). 
(2) Water innovations addressing pressing water problems in remote rural areas to explore their 




1.1 The aspirations of ICT-based constraint-based innovations in agriculture 
Technology-induced frugal ICTs could provide smallholder farmers with information (e.g. market 
prices, weather, sustainable farming techniques, productivity), access to finance and market 
information. In developing countries, it is estimated that more people have a mobile phone than have 
access to clean water (Digital Dividends, 2016). An estimated 70% of the bottom fifth in income of the 
population in developing countries owns a mobile phone. This is also the case in the Mexican mobile 
phone market, the second largest in Central and South America after Brazil, where a smartphone 
adoption rate of 76% is predicted by 2025 (GSMA, 2019). Agriculture remains one of the main 
economic activities in Mexico, which is one of the most important cereal producers worldwide (OECD-
FAO, 2018). Therefore, Mexico is a suitable study area to explore a mobile phone apps as constraint-
based innovations that might support the 50% of Mexican farmers who are smallholders and of which 
around 60% live in poverty (Rapsomanikis, 2015). Besides, Mexico has some favourable characteristics 
for digital technologies. For example, it has a literacy rate of 93%. To support solutions that are 
inclusive and relevant to farmers, Mexico has renowned universities and research centres such as the 
Autonomous University of Chapingo, UNAM or CIMMYT (International Maize and Wheat Improvement 
Centre, part of CGIAR) among other organizations in the region developing collaborations in a nascent 
‘ICT for agri’ community. Therefore, the chosen  study region is relevant to advance knowledge on the 
role of frugal innovations to consider the concerns about the poorest farmers left behind, especially 
during the early stages of the interventions (Altamirano and Beers, 2018).  
Apart from the problems with the access to digital technologies and constraints on their use 
(literacy, ownership, mobile and internet networks, etc.), serious risks and limitations arise in relation 
to access, control and use of data generated by the poorest groups and specifically by smallholder 
farmers (Kos and Kloppenburg, 2019). Hence, this research studies smallholder farmers’ intention to 
adopt drivers and attitudes towards an agricultural mobile phone app being developed. Similarly, the 
widespread interest in Citizen Science (CS) and crowdsourcing applications, where farmers are data 
generators (Minet et al., 2017) motivates its exploration along with constraint-based innovations 
which target farmers’ uptake. Crowdsourcing and CS are understood as the outsourcing of tasks or 
data collection to a large group of non-scientists, and are increasingly used in scientific research. Some 
initiatives outside of the agricultural research domain have proven to be successful in terms of 
potential impact on the SDGs (Fritz et al., 2019). Therefore, this work takes a practice-oriented 
approach where the role of constraint-based innovation in Citizen Science projects will be explored 




1.2 The importance of understanding frugal water innovations 
Due to the focus on affordability and delivery of services at scale, constraint-based innovations are 
of interest in the water sector in rural areas of the Global South. Rural areas, which are home to most 
of the BOP, are often relatively isolated and lack a modern urban water infrastructure (UN-Water, 
2017). Traditional urban systems are expensive and require a large amount of equipment, specialized 
maintenance, and highly skilled operators, which are in short supply in rural and remote areas. 
Therefore, wastewater treatment solutions are rare. For example, in Mexico, only around 40% of the 
wastewater from homes and industry undergoes some form of treatment, and the national water 
utilities (CONAGUA) have been shown to be unable to cater for the poorest rural areas, which lack the 
financial framework and capabilities to manage their own water supply (Silva, 2016). In contrast, 
tangible benefits have been previously reported for rainwater harvesting systems (Vargas and 
Lomnitz, 2020), and constructed wetlands (García-García et al., 2016). These are proposed in this work 
as frugal innovations when they are embedded in a business model that targets the BOP (Chapter 6). 
Low-cost sustainable solutions with high functionality thus offer an interesting research pathway to 
increase water availability and quality. Chapter 5 aims to provide general evidence of the potential of 
this type of water innovation to promote sustainable development for resource-scarce users by 
validating a Sustainability Framework previously used for frugal innovations in South Africa (Dressler 
and Bucher, 2018). Furthermore, as mentioned, the term is understudied in geographical regions 
other than India, some African countries and recently European. The lack of studies in other regions 
may also be related to a different conceptualization in these contexts (Knorringa et al., 2016). Jugaad 
is an example of a locally embedded term in India; grassroots innovations (GIs) and frugal innovations 
(FIs) are referred to in similar ways conceptually, but might be understood differently in different 
geographical areas (Knorringa et al., 2016). Through the above-mentioned case studies, this 





Before the specific objectives and research questions are presented, the next section explains the 
rationale for the doctoral research, followed by the underlying theoretical approach which has guided 




The following sections explain the knowledge gaps that are associated with constraint-based 
agricultural and water innovations, while indicating the possible contributions this doctoral research 
makes to the new field. At first, the gaps described are related to the lack of a framework to study this 
type of innovations, and to the understudied prescriptive attributes of the adapted Technology 
Acceptance Model (Agarwal et al., 2017): scale of production, level of participation in innovation 
networks, and direction of the innovation  (Section 2.1). Based on the identified attributes, a mobile 
phone app in Mexico is selected as a case study. In this context, the gaps below are also related to the 
underlying behavioural factors influencing the initial adoption (Section 2.2) and farmers’ preferences 
regarding data sharing (Section 2.3). Finally, Section 2.4 explains the gaps in literature concerning ex 
post and ex ante assessments as pathways to analyse impact of water innovations and citizen 
crowdsourcing projects respectively. 
2.1 The overlooked constraint-based agricultural innovations in academic literature  
The constraint-based innovation literature has been explored from diverse perspectives, including 
developmental studies (Knorringa et al., 2016; Onsongo and Knorringa, 2020), business and 
management, and innovation studies (Hossain, 2018; Pisoni et al., 2018). The different perspectives 
add to the richness of the field ,yet hinder conceptualization, theory development and a strong 
theoretical basis (Agarwal et al., 2017; Hossain, 2018). Moreover, while interest is clearly increasing, 
sectors such as agriculture have received less attention than health care, electronics and transport 
(Agarwal et al., 2017; Hossain, 2017, 2016; Pisoni et al., 2018). Moreover, recent reviews only include 
successful cases of innovations and ignore failures, even though they might also provide important 
insights (Agarwal et al., 2017; Hossain, 2017, 2018; Pisoni et al., 2018). Examples of failures might 
include, but are not limited to, innovations with good intentions but which exacerbate gender gaps, or 
are not adapted to local contexts, or impactful solutions that could not being scaled. Furthermore, 
research has focused solely on the final product or business model (Bendul et al., 2017; Rosca et al., 
2017a) rather on than the attributes of the innovation during early phases of the innovation process, 
or on adoption by users once there is a minimum viable product (Agarwal, et al. 2017). Considering 
this, it seems important to focus on the development phases as well. It is then necessary to review 
empirical evidence (both successes and failures) and theoretical underpinning of such innovations in 
the agricultural sector to develop further relevant frameworks to study these innovations (Agarwal et 
al., 2017). The first important pillar of this doctoral research is therefore to generate, for the first time, 
a collection of empirical evidence of 30 agricultural constraint-based innovations (including failure 
cases), the state-of-the art of theoretical underpinning, and to propose three attributes to investigate 
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this type of innovation in the agricultural sector which are related to the potential to scale, the role of 
innovation networks and the innovation actors (e.g. who is innovating for whom). The attributes are 
then further associated to well-known technology acceptance and preferences models to advance the 
theoretical basis in the sector. This work provides valuable insights to complement research in other 
sectors different from agriculture, especially related to non-for-profit partnerships and innovations in 
the rural contexts. 
2.2 The smallholder farmers’ intention to adopt  
The adoption of mobile phone apps for agricultural production and advisory services has not met 
expectations of scale and impact (Hoffmann and Ewert, 2013; Steinke et al., 2020; van de Gevel et al., 
2020), while the extent to which such services are genuinely fulfilling their potential remains poorly 
understood (Baumüller, 2018).  Similarly, the uptake of digital Decision Support Systems and tools 
(DSS) among farmers and extension agents is still low (Rose et al., 2016). This dissertation is aligned 
with research proposing that attributes of a constraint-based innovation might define the ‘perceived 
usefulness’ and ‘ease-of-use’ of a new technology, which then drive its acceptance and actual use 
according to well-known acceptance models (Agarwal et al., 2017). However, to the best of the 
author’s knowledge, no empirical evidence exists to date of constraint-based innovations, labelled as 
such, coupled with an adoption model. In addition, the drivers of farmers’ adoption of agricultural 
information apps have been studied less than those offering financing or health services (Wyche and 
Steinfield, 2016a). Furthermore, where adoption does occur, not all farmers adopt mobile phone 
technologies  in the same manner (FAO Digital Technologies Report, 2019), nor are farmers’ 
motivations the same (Beza et al., 2017).  
Several studies have been limited to studying actual mobile phone adoption in African countries 
(Emeana et al., 2020; Kabbiri et al., 2018) and advice delivery tools for smallholder farmers in remote 
areas in India (Mittal et al., 2019) instead of the ex ante intention. Nevertheless, no study has 
investigated determinants of the intention to adopt agricultural smartphone apps for agricultural 
smartphone apps with smallholders in Central and South America, even though Mexico, for example, 
is a country with a viable ecosystem of information and communications technology innovations in the 
agricultural sector. Studying initial adoption early in the innovation process is especially valuable to 
tackle challenges relating to the alignment of the utility and deliverables of the mobile phone app to 
farmers’ expectations. As well, the adoption studies set light not only of drivers but on barriers faced 
by the smallholder farmers that might be excluded in the short or long-term. Moreover, contrary to 
studies which target commercial for-profit apps (Altamirano and Beers, 2018; Michels et al., 2020), this 
research focuses on an app developed by a non-profit research-for-development organization. There 
is therefore a clear need to further investigate the initial intention to adopt such apps. This constitutes 
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the second important pillar tackled by this doctoral research. Chapter 3 of this dissertation, has 
explored the role of trust (‘belief in good intentions’) and farmers’ innovativeness and mastery-
approach goal orientation1 in the intention to adopt, which are relevant factors to investigate during 
early stages of development. The research is of interest for decision-makers in digitalization, app 
developers, and project managers and it provides insights on ways of encouraging initial intention to 
adopt agricultural apps. Eventually, factors that are predicted to affect the intention to use the app 
can serve as an input for further study of farmers’ usage preference. With this approach, the research 
aims to move beyond the initial intention to adopt and consider their hypothetical preferences 
concerning the interaction with the app; this is explained in the next sub-section. 
2.3 Lack of knowledge about characteristics that drive app use 
Similar to initial motivation for adoption, knowledge is still limited about the utility  and benefits 
expected by farmers from mobile phone-enabled services (Baumüller, 2018). A review of 15 
crowdsourcing applications for agricultural purposes has pointed out that, privacy and incentives might 
be factors preventing participation (Minet et al., 2017). Recent studies have explored whether farmers 
are interested in joining a big data platform and, if so, what elements of the platform would maximize 
their participation, including financial utilities and information sharing options (Turland and Slade, 
2020; Wolfert et al., 2017). Turland and Slade (2020) found that farmers are most willing to share their 
data with university researchers and least willing to share their data with government. Kos and 
Kloppenburg, (2019) discussed concerns around the potential for the emergence of power relations 
and smallholder exclusion because of access, control and use of smallholder data. It might also raise 
social and ethical challenges such as inequalities due to lack of infrastructure or technology ownership 
(Kos and Kloppenburg, 2019; van der Burg et al., 2019; Zimm, 2019). There is therefore a clear need to 
further investigate farmers’ preferences for sharing their data and who has access to it. Furthermore, 
it has been found that it is likely that in the short term, mobile-enabled frugal innovations targeting 
farmers will not be inclusive, as early adopters might be the better positioned farmers owning a 
smartphone and digitally literate farmers instead of less privileged smallholders (Altamirano and Beers, 
2018). Even though in the longer run the inclusiveness of these innovations can be expected to 
increase, further research is needed on how the lack of inclusiveness can be softened in early stages 
(Altamirano and Beers, 2018). The study of the farmers’ preferences for data sharing and nonfinancial 
utilities (incentives), through constraint-based frugal innovation lenses, thus constitutes the third 
important pillar of this doctoral research. Empirical studies on this respect will provide timely 
recommendations to improve the technology and explore feasible and fair nonfinancial benefits to 
                                                          
1 The willingness of an individual to try a new information technology and to master its usage 
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farmers in general or specific groups of farmers. To do so, choice experiments have been applied 
before to explore preferences, risks and incentives for the adoption of new agricultural practices (Kragt 
and Llewellyn, 2014; Schaafsma et al., 2019; Steinke and van Etten, 2017; Tur-Cardona et al., 2018). 
Nonetheless, these studies focus on defining farmers’ willingness to pay or assess financial utilities 
rather than addressing nonfinancial utilities which are reported to be context-dependent (Baumüller, 
2018). Receiving agronomic advice, capacity building and seed innovation have been reported as 
examples of most needed incentives (Beza et al., 2017). Taking this into account, it is important to 
advance the knowledge on farmers’ motivations and preferences for non-monetary incentives that 
could increase the actual usage of mobile phone-based applications targeting resource- poor farmers. 
The present study aims to fill this gap by focusing on potential incentives and hindrances of usage and 
evaluating farmers participating or not in an innovation network. To the best of the author’s 
knowledge, no studies have applied a choice experiment methodology in contexts where financial 
incentives might not be an option. Moreover, no studies have been applied preferences models to 
study smartphones apps adoption in Central and South America countries. 
2.4 Pathways to analyse constraint-based innovations’ impact on sustainable development 
The debate on the development implications of constraint-based frugal innovation has raised 
fundamental questions about its sustainable nature. Whereas advocates suggest a business view of 
‘win-win’ in which firms can earn profits while simultaneously alleviating poverty, critics argue that 
these types of innovations will merely exacerbate capitalist exploitation and inequality (Knorringa et 
al., 2016). Similarly, literature is fragmented about the potential impact of constraint-based 
innovations on sustainable development (Rosca et al., 2017b); several authors have pointed out that 
frugality is not inherently sustainable: it may be inherently socially and economically sustainable, but 
not necessarily environmentally sustainable (Albert, 2019). While some studies have explored the link 
between innovation and sustainability, they have not covered the  agricultural sector (Iñigo and 
Albareda, 2016; Khan, 2016a; Levänen et al., 2015; Nielsen et al., 2016; Rosca et al., 2017b). Hassani 
and Ionescu (2019) and Rosca et al. (2017b) conducted a review on frugality and sustainability across 
sectors, but only a review by El Bilali (2018) focused specifically on agro-food systems. There is thus a 
clear need for an empirical approach to assess where and when innovations are more likely to enhance 
inclusive and sustainable development (Knorringa et al., 2016) and more evidence is needed to 
measure impact on sustainability (Hossain, 2017; Levänen et al., 2015; Rosca, Reedy, and Bendul, 2017; 
Rao, 2013; Knorringa et al., 2016). The selection and adaptation of a sustainability assessment, suitable 
for both stages of innovation – ex ante and products and services already on the market – constitute 
the fourth and fifth pillars of this work. This is the common denominator for the following sections 
(2.4.1 and 2.4.2). 
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2.4.1 Ex post sustainability assessment of frugal water innovations in Mexico 
A limited number of studies have investigated the sustainability of water-related frugal innovations 
in the context of African countries and India (Annala et al., 2018), mainly focusing on drinking water, 
e.g. the Tata Swach filters (Hyvarien et al., 2016; Levänen et al., 2015). However, other water-related 
challenges have attracted less attention in frugality studies; examples are innovations aimed at 
improving water availability and treatment in rural areas. Rural areas, which are home to most of the 
BOP, are often relatively isolated and lack a modern urban water infrastructure (UN-Water, 2017). 
Hyvarien et al. (2016) found, based on a case study in the water sector in Tanzania, that frugal 
innovations have potential to improve sustainability due to their focus on affordable and new 
underserved market segments. However, the study also found pitfalls related to unsustainable low-
cost manufacturing if analysed at scale, as well as institutional deficiencies. There is hence a need to 
further investigate the innovations in different contexts such as Latin America, where there are also 
pressing water challenges to which constraint-based innovations offer an interesting research pathway 
in the sector. Consequently, this study will validate a sustainability assessment based on the SDGs for 
water innovations previously applied in frugal innovations in South America. 
Moreover, although considerable efforts have been made to advance conceptualization of frugal 
innovations, the literature shows confusion in terminology due to interchangeability and overlap with 
other terms (grassroots, inclusive, reverse innovation, bricolage, catalytic, indigenous, Gandhian, 
blowback and trickle-up innovations). When and Montalvo (2017) have discussed social innovations 
and frugal innovations alike in their study of water innovation studies taxonomy, however the authors 
focused solely on the Indian, African and European contexts and ignored other geographical areas. It 
is thus hypothesized that a comparison of characteristics, for the first time, of social water innovations 
in Mexico with frugal innovation will shed light on context-dependent terms of understudied areas in 
frugal innovation studies. This constitutes the fourth pillar of this dissertation, this is the first study to 
ever establish a relation between catalytic, social and frugal innovation in the region. 
2.4.2 Ex ante sustainability assessments for scaling ambitions of Citizen Science applications 
There is currently a lack of research concerning this potential even though the two topics (Citizen 
Science and frugal innovations) are treated as complementary within innovation calls from European 
governmental institutions (European Commission, 2020). As a result, this study will start the 
conversation on outlining the potential of constraint-based innovations for Citizen Science (CS) 
projects in agriculture. Citizen Science involves the participation and collaboration of the public in 
scientific research with the aim of increasing scientific knowledge. Crowdsourcing is defined as (1) the 
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realisation of specific tasks or (2) the collection of data, information or knowledge by a network of 
contributors outside their normal professional activities (Minet et al., 2017).  
In the last decade, scholars in agricultural research-for-development have shown growing interest 
in using Citizen Science and crowdsourcing applications ranging from machinery to farm-advisory tools 
(Beza et al., 2017; Minet et al., 2017; Steinke et al., 2020; Van Etten, 2011). Other perspectives are 
related to the big data paradigm, where applications are built upon crowdsourced databases (e.g. soil 
or weather database) and the gathering of inputs from farm management software (Minet et al., 
2017). Therefore, the potential contribution of constraint-based ICT innovations in making 
crowdsourcing applications cost-effective, affordable and easy to use in resource-constrained contexts 
is of interest to increase adoption and extend its benefits to more farmers. On the other hand, Citizen 
Science must yet be unravelled at other scales, especially if it is to contribute meaningfully to the SDGs 
process, and move from local to regional or even country levels (Fraisl et al., 2020; Fritz et al., 2019). 
However, scaling dynamics are also at the heart of concerns about creating a multiplier effect on 
potential negative outcomes (Woltering et al., 2019). Negative outcomes include creating digital gaps 
and enlarging social inequalities among farmers or the lack of inclusiveness of frugal mobile-enabled 
services in the short-term (Altamirano and Beers, 2018). This, therefore, calls for the application of 
new approaches that better prevent unintended effects and unleash the contribution to SDGs in the 
decade for action. Taking this into account, Chapter 6 aims to reflect on the development of a practical 
toolkit that integrates logically scaling and Citizen Science approaches for defining a scaling ambition 
based on a Sustainable Development Goals. This constitutes the last pillar of this dissertation and 
provides researchers in the field with a practical outcome that integrates constraint-based innovations 










3.1 Theoretical approaches applied to agricultural constraint-based innovations 
A variety of models and theories exists upon which scholars rely when exploring constraint-based 
innovations, mainly in the domains of business and management, and innovation studies but gaining 
attention in development studies (Knorringa et al., 2016). With few exceptions, the constraint-based 
innovation research studies have so far focused mainly on the final product and potential exploitation 
by enterprises rather than on adoption processes and user-centred approaches (Agarwal et al., 2017). 
Similarly, in agricultural constraint-based innovations, two theoretical domains are differentiated, as 
shown in Table 1-2. These theoretical approaches are people- or user-centred, and product-centred. 
This points out that innovation- and management-related disciplines follow a product- or business-
centred approach, while social sciences disciplines take a people-centred approach (see Chapter 2). 
Research that creates a dialogue between the two approaches is therefore needed, especially to 
provide enough context in complex resource-scarce realities where unintended effects on local 
communities are to be mitigated. 
This doctoral dissertation embraces a mix of the two approaches and proposes the integration of 
the well-known technology adoption and preferences models to start building a bridge between 
people-centred and product-centred approaches. It focuses on early stages and prescriptive variables 
of socio-technical solutions as evidence on early stages of the development needs to be considered for 
sustainability assumptions to stand.  
 
Table 1-2: Examples of approaches applied in constraint-based innovation 






Human and social capital theories 
Normative motivations (values of the innovator) 
Technology for social inclusion 
Grassroots participatory model  
 
 




Resource-constrained product development 
Innovation Theory  
Innovation System Theory 
 




3.2  Integrating acceptance models into agricultural constraint-based innovations: a mobile app 
A way forward to shift the focus from completed innovation to technology adoption has been 
proposed theoretically by integrating a well-known adoption model, the Technology Adoption Model 
(TAM), into to the constraint-based concept to be further empirically validated (see Fig. 1-1). A 
systematic literature review by Agarwal et al. (2017) suggests a modified model to analyse user 
acceptance in the context of emerging markets, and proposes “cost- effectiveness” and “ease-of-use” 
as operational variables to measure the user’s intention to use or buy a product. The model also 
includes the underpinning categories of attributes that enable the development of cost-effective and 
easy-to-use features. These are: i. the scale of production in rural contexts, ii. the (co-)design process, 
and iii. the level of innovativeness. The innovativeness refers to the direction of the innovation 
intended to address BOP needs.  Due to its limited insights into the attributes and the geographical 
focus just around China and India alone, this model needs to be further updated and expanded to 
other understudied areas and should incorporate most recent acceptance models such as the Unified 
Theory of Acceptance and Use of Technology (UTAUT) described in the next sub-section. 
 
Figure 1-1: Acceptance Model for constraint-based innovations  
Farmers’ intention to adopt digital technologies  
The Unified Theory of Acceptance and Use of Technology (UTAUT) aims to explain information system 
usage behaviour (Venkatesh et al., 2003), such as the willingness to adopt a mobile phone app. The 
model is based on eight prominent user adoption models, the main ones being the Theory of Reasoned 
Action, the abovementioned Technology Acceptance Model (TAM), Innovation Diffusion Theory and 
Social Cognitive Theory. The UTAUT suggests that behavioural intentions are determined by four key 
constructs: performance expectancy, effort expectancy, social influence, and facilitating conditions. 
UTAUT was later extended into the UTAUT2 by adding three more constructs (hedonic motivation, 
price value and habit) (Venkatesh et al., 2012). Researchers have recently posited “attitude” as another 
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mediator of behavioural intention and a direct influence on actual use (Dwivedi et al., 2019). The 
UTAUT2 constructs and attitude are not included in the present work because of the explorative nature 
of our research, which does not address actual use but rather constitutes an ex-ante assessment. The 
UTAUT model has been applied in developed countries to examine a range of mobile technologies and 
services from data and text messaging (Ovčjak et al., 2015) to smartphones (Michels et al., 2019).  The 
model has also been used to analyse mobile banking acceptance in developing (Oliveira et al., 2014) 
and developed countries (Slade et al., 2015), as well as information technology (Shaikh and Karjaluoto, 
2015) and agricultural services and intelligence (Beza et al., 2018; Verma and Sinha, 2016). The UTAUT 
has been empirically validated in various disciplines (Williams et al., 2015) and is the theoretical basis 
for one of the studies comprising the present dissertation.  
Furthermore, another relevant factor not included in the UTAUT that might influence farmers 
preferences with regard to using an app is data sharing preferences (Kos and Kloppenburg, 2019). This 
aspect is gaining attention among scholars studying the implications of data ownership and sharing; as 
well as to avoid digital divide. A choice experiment will be used to assess this aspect.   
3.3  Assessing farmers’ preference for data sharing  
The foundation for most microeconomic models of consumer behaviour is utility maximization 
under a budget constraint; logically, this is a factor that must be considered when developing 
constraint-based innovations. The theoretical basis of Discrete Choice Experiments (DCEs) can be 
found in Lancaster (1966), who describe the theory of demand, welfare theory and consumer theory. 
The DCE approach explicitly assumed that respondents' observed choices in the experiment reveal 
individual preferences (Hoyos, 2010), which make it a suitable method to explore ex ante preferences. 
DCE methodology involves the generation and analysis of choice data through the construction of a 
hypothetical marketplace using a survey. DCEs consist of several choice sets, each containing a set of 
mutually exclusive hypothetical alternatives, with respondents being asked to choose the one they 
preferred. Alternatives are defined by a set of attributes, each attribute taking one or more levels. 
Individuals' choices imply implicit trade-offs between the levels of the attributes in the different 
alternatives included in a choice set. Experimental designs are used to construct the choice sets, so 
that the attributes are uncorrelated and therefore yield unconfounded estimates of the parameters. 
The resulting choices are finally analysed to estimate the contribution that each attribute and level add 
to individuals’ overall perceived utility. 
Undertaking a DCE can be considered as a cyclical process in which an economic model describing 
the issue under analysis is always revised as new information is gathered from the experimental design, 
experts' advice, focus groups and pilot surveys (Hoyos, 2010). When the cost or price of the service is 
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included as an attribute, marginal utility estimates can easily be converted into willingness-to-pay 
(WTP) estimates for changes in the attribute levels and, by combining different attribute changes, 
welfare measures may be obtained. Most DCE studies in agriculture have focused on this WTP and 
acceptance of new agricultural practices or innovations; however, farmers’ data sharing and 
nonfinancial incentives are less explored in the literature. The present study does not assess WTP for 
the app in the form of a subscription fee or fixed purchase cost, because the download and content of 
the app are provided for free. Nevertheless, the DCE is still a suitable methodology to assess: i. non-
financial incentives to farmers and ii. data sharing preferences when choosing a set of alternatives for 
using a mobile phone app. Specifically, the latent class (LC) model allows us to categorize and identify 
different farmers’ groups and their stated preferences.     This categorization assists researchers to 
assess the role of groups of farmers who participate (or not) in an innovation networks in the 
preferences for sharing and usage. The integration of the DCE models into constraint-based 
innovations like a mobile phone app appeared to be a suitable method to measure farmers’ 
motivations and initial adoption choices relating to a mobile phone app. 
3.4  Evaluating constraint-based innovations’ design for sustainability 
The United Nations 2030 Agenda for Sustainable Development, with its 17 Sustainable 
Development Goals (SDGs) and 169 targets, calls for sustainable transformation of societies across the 
globe. Although actions towards the SDGs should be implemented by diverse actor of society, they 
also represent a framework against which any activity and innovation can be evaluated. Actors include 
policy makers, stakeholders in private and public sectors, civil organizations, institutions, governments, 
entrepreneurs, researchers, agencies, or anyone who has a project or a solution to assess. Working on 
sustainable development and the implementation of the SDGs is challenging since it addresses almost 
every aspect of human societies. Furthermore, knowledge of societies, the environment and the earth 
systems is continuously growing. Any SDG impact assessment is dependent on the knowledge level 
and ambition of the person performing the assessment. This means that it is inherently subjective and 
preliminary and should be open to revision. Nevertheless, when evaluating how a constraint-based 
innovation impacts the SDGs, it is helpful to identify opportunities and difficulties in implementing 
sustainable, inclusive and responsible strategies. 
Comprehensive assessment tools have been proposed in the field of business and management 
studies to assess the potential and the pitfalls of constraint-based innovations in relation to 
sustainable development. However, only a few are based on the SDGs and, we found only one that 
claims to be applicable to a wide spectrum of innovations where limited information can be retrieved 
(Dressler and Bucher, 2018). This is a three-step evaluation system based on the SDGs for the 
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assessment of the sustainability of innovations by experts instead of a self-assessment (Fig. 1-2), but 
still can be useful for innovators themselves. In the first step, the innovation under consideration is 
assessed to determine whether it violates any of the SDGs. In the second step, all 17 SDGs are 
considered again, this time checking whether SDGs are influenced positively, and the positively 
influenced goals are linked to the actual impacted dimensions of sustainability and specific features of 
the innovation. The third step focuses on these features, checking whether they can be linked to 13 
detailed aspects of sustainability, such as education, inclusion and equality derived from the SDGs 
(Dressler and Bucher, 2018; see Fig. 1-2). In the following sub-sections this assessment is presented in 
the context of water innovations already in the market (ex post) (section 3.4.1) and an ex ante 
approach to define Citizen Science and crowdsourcing responsible ambitions (section 3.4.2). 
 
Figure 1-2: The Sustainability Evaluation Framework illustrated using SDG 1 
3.4.1 Understanding conceptually frugal innovations’ similarities with water innovations 
The SDGs offer a comprehensive and widely recognized concept of sustainability while being 
manageable by practitioners with limited resources (unlike the 169 targets or the 232 indicators, which 
require substantial resources) and are thus utilizable for every innovation or change project where 
sustainability is considered. The 17 SDGs’ sustainability evaluation framework (Fig. 1-2) proposed and 
applied to constraint-based frugal innovations in South Africa is used in this dissertation in the context 
of Mexico in collaboration with the framework developers (Dressler and Bucher, 2018). Because of the 
lack of innovations labelled as frugal or constraint-based as such, the social innovation and catalytic 
innovations concepts are explored instead, and then compared with frugal innovation characteristics 
for the first time in the context of Mexico. Weyrauch and Herstatt (2017) developed a three-criteria 
framework for FI, based on a multi-method approach (literature review, interaction with practitioners, 
category building, and deduction of criteria). The resulting criterion was that a frugal innovation is an 
innovation with a substantial cost reduction, concentration on core functionalities, and optimized 
performance level. For reasons of comparability and practicality, this part of the dissertation used this 
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definition. While frugal innovation is seen at times only as an outcome (final product or service) rather 
than a process (Brem and Wolfram, 2014; Soni and Krishnan, 2014) both perspectives are included in 
the present study.  This part of the dissertation does not aim to unlock the theoretical roots or look 
more deeply into each concept but rather to open new directions in terms of their inter-relationships. 
3.4.2 Aligning innovations’ scaling ambition to the Sustainable Development Goals 
The topic of scaling has been gaining attention from research-for-development scholars engaged in 
developing crowdsourcing applications for resource-constraint environments and genuinely aiming at 
defining development outcomes (Beza et al., 2017; Minet et al., 2017; Steinke et al., 2020; Van Etten, 
2011) such as food safety or poverty reduction. This dissertation is aligned with systemic approaches 
to scaling agricultural innovations, mainly because of its coherence with constraint-based integrative 
and iterative processes. A systemic approach is proposed to move from a linear scaling-up process to 
a more iterative and integrative that achieves not only adoption but also systemic change (Schut et al., 
2020). Rather than being considered as the logical follow-up to novel solutions that resulted from 
successful research and innovation, scaling should be considered as part of an on-going process 
involving continuous finetuning (Wigboldus et al., 2016). To define the scaling ambition, The Scaling 
Scan (Jacobs et al., 2017) was found to be suitable as it has been tested by CIMMYT in different 
agricultural research projects (Woltering et al., 2019) and is in line with supporting the shift from 
“maximum potential scale” for a few to a “optimal and responsible scale” for many (Wigboldus, 2018). 
To anticipate the impact of reaching the scaling ambition and the associated risks beyond the 
geographic, social, and time boundaries set by the project, Jacobs et  al. (2017) propose a 
“responsibility check”. This part of checks for potentially negative ancillary effects on social dimensions 
(gender and age equality, inclusiveness, power equity, resilience) and environmental dimensions (use 
and quality of natural resources and climate change). In this study, these two aspects were integrated 
and adapted into the afore mentioned sustainability assessment of scaling ambition based on the SDGs 
(Fig. 1-2). To achieve alignment with already existing Citizen Science impact assessments, the 
GroundTruth 2.0 methodology for Validation and Impact Assessment (Wehn et al., 2020) is a suitable 
option for studying rural areas outside Europe. GroundTruth 2.0 developed a logic of Citizen 
Observatories (CO) impact intervention based on EC (2015) and drawing on generic approaches such 
as Impact Assessment, Evaluation, Theory of Change, Outcome Mapping and Environmental Impact 
Assessment. This section of the dissertation reports on the on-going work of developing a toolkit that 
integrates Step 1 of The Scaling Scan, an adapted SDG assessment and CO logic of intervention. The 
toolkit is developed for practitioners, developers and stakeholders to conduct a rapid assessment 
identifying direct, indirect or unknown positive and negative effects on SDGs during the development 
of the scaling ambition.  
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3.5 Conceptual Framework  
Following the rationale and background discussed in preceding sections, Figure 1-4 shows the 
associations between the concepts used in this doctoral thesis. At the base is the model for acceptance 
of constraint-based innovations (Agarwal et al. (2017) - Fig. 1-1) of which the attributes are  integrated 
with, in this case, to the Unified Theory of Acceptance and Use of Technology. Although no work was 
conducted to this respect as this dissertation looked at an app still in the pilot phase, the conceptual 
framework acknowledges the actual adoption and use (in grey). To highlight the link between product- 
and people-centred approaches in constraint-based innovations, the conceptual model integrates a 
user-centred approach as a preceding step to sustainability assessments. The ex post assessment takes 
a framework to evaluate sustainability of water innovations already being commercialized. The ex ante 
assessment, linked with the scale attribute, refers to the ‘design for sustainability’ starting in early 
stages of the innovation development. The latter serves the discussion on the importance of both the 
technological solution, and the implications of its adoption and usage during a responsible scaling 
ambition’ definition. It also opens the conversation on the potential of constraint-based innovations 








Figure 1-3: Conceptual framework 











Based on the background (subsection 2-3), the overall aim of this doctoral research is to advance 
knowledge on constraint-based innovations’ attributes and outline their potential for designing for 
sustainability and scale. This is relevant to understand how these innovations can be recognised and 
supported in new geographical contexts. Specifically, the following objectives are motivated by 
knowledge gaps identified (section 2-2) and focus on innovations in an understudied region. 
Specific objective 1 on reviewing constraint-based innovations in the agricultural sector  
To elucidate the main characteristics and develop a framework to investigate agricultural constraint-
based innovations: This fills the current gap in the empirical evidence relating to the agricultural sector, 
based on a systematic review of existing literature. Further, the study addresses the knowledge gap 
regarding overlapping concepts, the lack of theoretical underpinning and the fragmented literature, 
especially concerning the impact of innovations on sustainable development. This gives rise to the 
following research questions: 
1. What empirical evidence (successful and unsuccessful) exists on constraint-based innovations 
in the agricultural sector?  
2. What are the main attributes of agricultural constraint-based innovation during the design and 
development of the innovation process? 
3. How is research (theories and frameworks) applied to the topic of constraint-based innovations 
in agriculture and its assessment of the impact on sustainable development? 
Specific objective 2 on assessing farmers’ intention to adopt a constraint-based mobile phone app 
To measure intention drivers and empirically validate the proposed acceptance model for constraint-
based innovation in a real case study: The AgroTutor app is relevant in light of the low rates of adoption  
of mobile phone-based services by farmers (Beza et al., 2018), specifically by smallholders and medium 
sized farmers. These gaps are addressed by the following research questions based on the Unified 
Theory of Acceptance and Use of Technology (UTAUT) and three additional constructs:  
4. What are the drivers of the farmers’ intention to adopt a constraint-based mobile phone app? 
5. How do trust, innovativeness and mastery-approach goal influence farmers’ intention to adopt? 
6. How do farmer characteristics (age, being connected to an innovation hub2) predict the likelihood 
of intention to adopt? 
 
                                                          
2 Innovation hub refers to a network of different actors where innovations are developed, test and implemented 
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Specific objective 3 on farmers’ preferences regarding the usage of a constraint-based mobile app 
To investigate nonfinancial incentives for usage and preparedness to share data through an app, 
specifically the AgroTutor app: This part addresses the current limited knowledge about the utility and 
benefits expected by farmers from mobile phone-enabled services, e.g. nonfinancial incentives 
(Baumüller, 2018). It also addresses the research gap on heterogeneity of preferences among farmers, 
specifically on data sharing. The following research questions are therefore investigated: 
7. What are farmers’ preferences regarding the use of an app, considering nonfinancial incentives 
(access to training, extension services and receiving support on first-time use)? 
8. What determines heterogeneity of preferences among farmers? 
Specific objective 4 on examining the frugal water innovation concept and evaluating its sustainability  
To describe the concept for the first time in Mexico and further validate an existing ‘Sustainability 
Evaluation Framework’ in a less studied geographical context: This addresses the overlap of concepts 
and the lack of studies on constraint-based frugal innovations in water innovations different from 
drinking water, particularly focusing on innovations in rural areas. The following research questions 
are examined: 
9.  What are the similarities and differences between frugal and social innovations in two water 
innovations (ecological wastewater treatment plant and rainwater harvesting system) in Mexico? 
10. What is the potential positive impact of these frugal water innovations on the sustainability 
dimensions (social, economic, and ecological)?  
Specific objective 5 on aligning innovation scaling ambitions to the Sustainable Development Goals 
To develop a toolkit that suggest relevant indicators to monitor and evaluate impact on the SDGs, and 
to provide ex-ante recommendations towards a responsible scaling: This fills the gap in the tools for 
‘design for scale and impact’ and the gap in the inclusiveness of mobile technologies in the short term 
(Altamirano and Beers, 2018). This practical approach aims to situate constraint-based innovations 
within complementary research topics of Citizen Science and systemic approaches to scaling. The 
following research questions are examined: 
11. What is a feasible way to integrate an SDG assessment with responsible scaling approaches into 
a toolkit in the context of Citizen Science (crowdsourcing) applications targeting smallholder farmers? 
12. How does a group of experts evaluate the content, usability and preferred format of the first 




5.1 Study area 
Primary data for this dissertation was collected and the quantitative analysis conducted in El Bajío 
region in the Mexican state of Guanajuato (Fig. 1-5). In Guanajuato state, 31% of the area is dedicated 
to agriculture (GCMA, 2020) and 85% of its harvested area is sown to beans and cereal grains including 
sorghum, wheat, maize, and barley (FAO website, 2020. GIEWS Country brief. Accessed: June 2020). 
Guanajuato is divided in 46 municipalities with 5.8 million inhabitants in total. Around 4% of its 
population relies on the primary sector (agriculture, livestock and fishing). This region was selected 
mainly because of its agriculture, with 31% of its area dedicated to this sector (GCMA, 2020). The state 
of Guanajuato had the highest agricultural production in Mexico in 2019, with sorghum yields and the 
second highest yields for wheat (6.8 t/ha) just after Sonora state (6.9 t/ha). At nearly 12 t/ha, the 
state’s average maize yields are among the highest in Mexico (“Avance de Siembras por cultivo” SIAP 
website 2019_Irrigated+temporal_AgriculturalYear2019). This region was also selected because of 
previous work by the International Maize and Wheat Improvement Center in the region. 
The International Maize and Wheat Improvement Centre (known by its Spanish acronym CIMMYT) is 
a non-profit research and training institution dedicated to the development of improved varieties 
of wheat and maize with the aim of contributing to food security. It also supports the introduction of 
improved agricultural practices to smallholder farmers to help boost production, prevent crop disease 
and improve their livelihoods. CIMMYT has its headquarters in Mexico and has been working on 
innovation in agri-food systems in the country for the past decade, funded through partnerships with 
several actors, including the Government of Mexico, the largest funding provider both at the federal 




Adapted from https://imagenestotales.com/mapa-guanajuato-municipios/ website 
Figure 1-4: Map of the study area - El Bajio Region in Mexico 
Source: INEGI. Geostatistical Framework, 2018.  
 
Innovation Hubs 
Part of the activities of CIMMYT in Mexico are conducted through 12 innovation hubs located 
strategically throughout Mexico, which seek to integrate farmers and local and regional value-chain 
actors for maize- and wheat-based farming systems (Camacho-Villa et al., 2016; Gardeazabal et al., 
2021). This study builds on the work in the hub in Guanajuato. El Bajío hub has been chosen because 
it is the pilot hub where an agricultural mobile phone app (AgroTutor) is being developed and tested. 
The hubs comprise research platforms, demonstration modules, and extension and impact areas (Fig. 
1-5). The research platforms carry out joint research with local institutes, as well as generating and 
sharing new knowledge and adapting farming innovations for their specific areas. The demonstration 
modules are on farmers’ land and involve side-by-side fields managed using new technologies or 
conventional practices, for comparison. Module outcomes are often fed back to research platforms 
and allow for farmer-to-farmer interaction and sharing, hopefully driving adoption, local impacts and 
the scaling of useful innovations. Extension areas are parcels where farmers have applied learning from 
demonstration modules. Impact areas, on the other hand, are defined as places where farmers who 
are not directly connected to the hubs have adopted the programme’s innovations (Deschamps-




Figure 1-5: Innovation hub model  
Secondary data for the case studies on water innovations was collected in rural areas in Oaxaca 
State (Sierra Mazateca) in the south west and Puebla State in the centre of Mexico. Two social 
enterprises with headquarters in Mexico City are the cases studied in Chapter 5 of this dissertation. 
One offers low-cost wastewater treatment in rural areas (WWT), and the other develops rainwater 
harvesting systems (RWHS) in rural and indigenous communities of Sierra Mazateca in Oaxaca state. 
The cases are selected based on the expectations regarding their information availability (data 
triangulation) and the following criteria: cases in reliable databases (National Youth Prize and CONACYT 
Press databases), aimed at the promotion of at least one of the sustainability dimensions, target users 
in resource-constrained contexts if the innovation is already available in the market. 
5.2  Research methods 
This methodology section explains how the research is designed, what type of data and analytical 
methods are used, and how the data is collected. This doctoral research used both quantitative and 
qualitative research methods best suited to address the research questions described in sub-section 
4. Relying on quantitative research methods alone would not provide deep insights into the innovation 
processes and drivers of the innovators, in the case of water innovations, and research institutes, in 
the case of agricultural innovations. Mixing occurred primarily during the data collection but also 
enriched the interpretation and provided a more comprehensive contextual background. To answer a 
research question, each chapter used different data and analysis methods which are explained in more 
detail in the chapters themselves.  
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Table 1-2 provides an overview of the qualitative and quantitative research approaches used for 
each chapter, the data analysis methods and software used for the analysis. The first study of this 
dissertation is a literature review. A search strategy was applied with general and specific key words 
related to constraint-based innovations and sustainable development (Chapter 2). Based on attributes 
identified in the review, a case study of an app (AgroTutor) was selected to study further. The second 
and third studies were conducted with farmers and used a survey approach to collect data from 394 
randomly selected respondents from El Bajío region (Chapters 3 and 4). In addition to Structural 
Equation Modelling (SEM) to investigate drivers of intention to adopt (Chapter 3), a discrete choice 
experiment (DCE) was applied to assess farmers’ preferences for sharing their data (Chapter 4). The 
fourth study applies an exploratory qualitative survey method with experts and practitioners of 
agricultural Citizen Science projects and with both research institutes developing the AgroTutor app. 
This aims to explore how to responsibly scale an app which includes the poorest smallholder farmers 
(Chapter 6). The fifth study applies a case study methodology of two water innovations and includes 
semi-structured interviews with the co-founders and innovators (Chapter 5). In addition, a 
sustainability framework is validated for another geographical region where it was previously tested. 
Table 1-3: Overview of research approaches and data analysis methods 
Chapters Type of 
research 
Data collection Data analysis method Software 
 






















Semi-structured interviews (3) with 
extension agents working on the region 
Semi-structured interviews (3) with 
farmers in the region 
 
Participatory workshop with 4 different 
agents and farmers of different gender 
and age 
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(conditional logit and 









Online questionnaire (4) 
Semi-structured interviews (4) with the 
innovators/co-founders.  
 











Online survey with experts and 
practitioners (7) on a toolkit’ content, 
usability and preferred format 
Feedback talks with experts 
Community of Practice on Citizen 
Science impact and SDGs 
 
 
Desk research (Literature 
Review) 
 








The fieldwork in El Bajío region was conducted in collaboration with CIMMYT; the data analysed is 
presented in Chapters 3 and 4. Table 1-2 gives an overview of the types of data (interview, observation, 
surveys, workshop) collected in each phase and the article(s) for which the data was used.  In 2019, a 
total of 394 farmers were randomly identified across municipalities in the region. The structured 
questionnaires were conducted face-to-face and lasted about 45 minutes. To gain richer data, 
observation, semi-structured interviews and a participatory 1-day workshop were added to explore 
what adoption challenges existed, perceptions of the app and motives to use (or not) an app. The 
questionnaires were tested in the field with two farmers and during the workshop, and adjusted where 
necessary to clarify the questions and shorten the duration. At the start of each interview, the 
respondent was told that the answers would be treated anonymously and that all information would 
be kept confidential and used for scientific research purposes only. A participatory technique was 
applied to facilitate the discussions and stimulate the sharing of their opinions. For example, the first 
interaction with the app was observed, participants constructed a ‘user journey’ through a production 
cycle and they discussed and defined the most important attributes when using the app. This allowed 
us to identify the information needed throughout the cycle and determine whether the app included 
the content and how the app was perceived. To triangulate the findings, secondary data was collected 
including CIMMYT reports and website, blog posts, newspaper articles, academic articles and 
campaign brochures.  
For Chapter 5, the data collection took place between January and March 2018 by sorting potential 
water frugal innovations, which are characterised by their impact in rural and constraint-based 
contexts. A total of 10 cases were screened, 4 further analysed and 2 included in Chapter 6 (published 
article in the Journal of Cleaner Production). This was conducted in collaboration with researchers at 
the Chair for ‘Innovation Research and Technology Management’ at TU Chemnitz (Germany) to further 
validate a Sustainability Evaluation Framework in different geographical regions. For Chapter 6, a 
virtual 3-month research stage at the IIASA was conducted during summer 2020. Based on a literature 
review and feedback talks with 5 experts, a toolkit in excel was developed to align the scaling ambition 
with the SDGs based on an adapted Sustainability Evaluation Framework. An online survey was 
designed for experts and practitioners to go through the toolkit and assess its content, objectives and 
preferred format for using a toolkit. It was used to collect 7 additional complete surveys from both 




The core of this dissertation consists of the five chapters described in Sections 4 and 5 of this 
Introduction (Figure 1-6). A review is given in Chapter 2 to cast light on the constraint-based 
innovations in the agricultural sector, as well as to respond to the specific objective 1. Additionally, this 
chapter provides more information about the current state-of-the-art to assess the impact of 
innovations on sustainable development. The following chapters, Chapters 3 and 4, answer the 
research questions under the specific objectives 2 and 3, related to intention to adopt and utility 
models (stated preferences), respectively. Before answering these questions, a rationale for (1) how 
the features of the mobile phone app case (AgroTutor) are aligned to the constraint-based and frugal 
innovations features found and (2) choosing a mobile phone app being developed in Mexico was 
included (see foreword of Chapter 3).  
For the specific objective 4 on aligning innovations scaling ambitions to the Sustainable 
Development Goals, research questions are addressed in Chapter 6. Before answering Chapter 6 
research questions, a rationale is included, to situate constraint-based innovations into 
complementary research topics (Citizen Science and scaling up processes in research-for-
development).  
The chapters answering the research questions are presented in their original format as published 
or submitted for publication. While reading the manuscript, the reader will thus encounter overlaps in 
the literature, research context and data collection sections of the chapters. The preference is to stay 
close to the original papers and manuscripts to be submitted, and keep the chapters as stand-alone 
reading material.  At the end of this dissertation, the overall conclusions are summarized for each 
chapter and it is highlighted how these answer the research questions. A general conclusion includes 
the conceptual, methodological and empirical contribution of this dissertation. It will reflect on the 
implications of the research findings and formulate some policy recommendations. It concludes by 























2. CHAPTER 2 
 
REVISING CONSTRAINT-BASED INNOVATIONS IN 













This chapter is based on: 
Molina-Maturano, J., Speelman S. & De Steur, H. Constraint-based innovations in agriculture and 
sustainable development: A scoping review.  Journal of Cleaner Production 2020, Vol. 246, 119001. 
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Abstract 
Constraint-based innovations, including frugal approaches, have attracted increasing interest across 
disciplines due to their potential to promote sustainable development while meeting Bottom of the 
Pyramid (BOP) needs. However, the academic literature to date has resulted in overlapping 
terminology, lacks a robust theoretical basis and includes few sector-specific studies. This particularly 
applies to constraint-based innovation in agriculture, a crucial yet under-researched sector. A review 
of relevant literature from the last 12 years (2007-March 2019) was conducted to identify concepts 
and current theoretical underpinning. In total, 30 cases were identified and categorized under 
agricultural machinery, water for irrigation equipment, alternative farming systems, ICTs and mobile 
phone applications and biomass systems. Our analysis finds that ‘inclusive’ and ‘smallholder’ 
innovation concepts are used in an agricultural context; and that the innovation networks, direction of 
the innovation and scale are key attributes. Also, that Appropriate Technology (AT) has proved its 
worth as a suitable outline for discussing lessons learned from unsuccessful innovations. The results 
also indicate that there is a need for further research on the integration of frameworks, such as the 
Technology Adoption Model (TAM) and the Sustainable Rural Livelihoods (SRL), to link constraint-
based innovations with sustainable development at a local level. Finally, a framework is proposed for 
practitioners, as a starting point, to identify and research agricultural constraint-based innovations and 














Keywords: Constraint-based innovation, Agricultural innovation system, Sustainable development, 




Innovation plays an important role in promoting sustainable development in both emerging 
economies and the developed world. However, any innovation is the result of a complex set of 
relationships within a system. Taking  agricultural innovation  as an example, within this system, 
diverse actors (individuals, organizations and enterprises) bring new products, processes, and 
structures into socio-economic use (Aerni et al., 2015). Policies and institutions (formal and informal) 
shape the way in which these players interact, generate, share and use knowledge and engage in joint 
learning. Among others, key components for effective agricultural innovations are the enabling 
conditions that make it possible for actors to innovate (Rajalahti, 2012). This component is often 
absent in resource-constrained contexts such as rural areas. Recent literature on frugal innovation 
addresses, to a degree, how innovators manage to operate in these contexts. Although constraint-
based and frugal innovations are being studied from empirical cases (arguably at times anecdotal), 
these studies have suffered from relatively weak theoretical foundations despite efforts to study them 
at the intersection of different disciplines (e.g. business, development, entrepreneurship).  Similarly, 
the existing literature is fragmented concerning the impact of the innovations on sustainable 
development. Frugal innovations might reduce materials use (Sharma and Iyer, 2012) and can be a 
pathway to achieve sustainable innovation (Iñigo and Albareda, 2016; Smith et al., 2014). However, 
authors have pointed out that frugality is not inherently sustainable and that more evidence is needed 
to measure impact (Hossain, 2017; Levänen et al., 2015; Rosca, Reedy, and Bendul, 2017; Rao, 2013). 
The present review therefore aims to close the research gaps summarized in Table 2-1 and Chapter 1.  
Table 2-1: Knowledge gaps, aims and contributions based on the published review 
 Knowledge gap Aim Contribution 
Agriculture  
 
No studies* that aim to compile 
empirical evidence of FIs in the 
sector. Recent studies include 
successful cases only. 
Identify the types of 
available evidence. 
 
30 frugality studies in agriculture, 




Less attention is paid to the early 
stages of the innovation than to 
final products or services. 
 
Clarify the FI concept in 
the literature and 
identify key attributes. 
 
Design, direction of the innovation 





The literature is fragmented and 
lacks strong theoretical bases; this 
applies especially to the impact of 
innovations on sustainability. 
Examine how research 
is conducted on the 
topic of FIs. 
 
A collection of theories being 
applied in innovation and social 
sciences disciplines. 
 
Framework to study agricultural 
constraint-based innovations. 
* To the best of our knowledge 
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Articles published in academic journals over the last 12 years (2007-March 2019) were analyzed 
and 30 case studies were extracted. Our study differs from previous reviews because it provides the 
first qualitative analysis of constraint-based innovations in the agricultural sector, including failures 
from which valuable learnings can be withdraw. The 30 cases are presented followed by the concepts 
and attributes. The underpinning theories include the impacts on sustainable development using the 
Sustainable Rural Livelihood Framework (SRL). Finally, a basic framework is proposed (section 5) as a 






























This work applied a scoping literature review method according to PRISMA (Tricco et al., 2018), a 
systematic approach to map available evidence on a topic and identify the main concepts, theories and 
knowledge gaps (Tricco et al., 2018). This broad-based tool can be used as a preceding step for more 
specific reviews (i.e. systematic literature review). In this case, it is a valuable tool to map the nature 
and extent of the available evidence on constraint-based innovation in the agricultural sector. A four-
step process was followed: identification, screening, eligibility and inclusion (see Figure 2-1). A final 
step was added to analyse the 30 case studies. In general, the practical suggestions made by Jensen 
and Laurie (2016) for the data search and synthesis were followed. NVivo software was used to manage 
full texts. 
 
Figure 2-1: Search flow 
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Search strategy 
Eight different databases were used to extract studies spanning from 2007 to March 2019 to cover a 
recent timeframe. The databases used were Science Direct, ProQuest, Wiley Online Library, MDPI, Web 
of Science, SSRN, Emerald Insight and AgEcon. The following search terms were used in the ‘Advanced 
Search’ feature of the databases: ‘frugal innovation’, ‘agriculture’, and ‘sustainable development’. The 
term ‘sustainability’ was also used instead of ‘sustainable development’. Search terms ‘grassroots’, 
‘Jugaad’, ‘reverse’ and ‘inclusive’ were included only in conjunction with ‘frugal’. Other similar terms 
such as ‘bottom of the pyramid’ or ‘indigenous’ were not used; this was to avoid diluting the focus on 
frugality and to not open different academic discussions (Rosca et al., 2017b). This is also in line with 
recent reviews that use only ‘frugal innovation’ as a search term for systematic literature reviews 
(Hossain, 2018, 2017; Rosca et al., 2017b). The search was limited to peer-reviewed articles in English 
and included review articles, research articles, conference papers, working papers, case reports and 
case studies. Books, chapters, book reviews, press coverage, encyclopaedias, interviews and 
commentaries were excluded. 
Titles and abstract screening 
After removal of duplicates, sources were excluded if the content was not relevant to frugal innovation 
or any related terms or to agriculture, resource-constrained contexts or sustainability. Sources that 
only referred to cities or did not include rural or agricultural contexts were also excluded. 
Eligibility criteria 
Similarly, during the review of full texts, studies were selected that acknowledge frugal innovation or 
discuss other similar terms along with frugality. Again, sources were excluded if the content was not 
relevant to rural or agricultural contexts. We then conducted a categorisation of the sources into 
studies containing theoretical discussions and case studies (Figure 2-2). The information relating to the 
case studies (sector, name and type of innovation, innovator, key actors, location and scale) was 
tabulated. For this tabulation, cross-references and secondary sources (i.e. websites and news articles; 
see column 6, Appendix 1.A) were included to obtain missing information and perform data 
triangulation. One case study for which data triangulation could not be performed was excluded. For 
the case studies, we applied a second eligibility criterion (Table 2-2) based on the constraint-based 
innovations’ characteristics and attributes (Agarwal et al., 2017) and information availability. Unlike 
other studies, we did not solely select successful cases but included failures too. The definition used 




Table 2-2: Eligibility criteria for the inclusion of case studies  
 
 Criterion 
Dimensions and final characteristics Information about the innovations’ ease-of-use 
and cost-effectiveness. 
 
Attributes: design, innovativeness (direction of 
the innovation) and scale of production 
 
 
Information about the attributes in the text, cross-




In all, 57 sources were eligible and 30 cases identified. A qualitative analysis of the innovations’ 
attributes was conducted (See Table 2-2). We explored the design attributes in terms of who innovates 
and the actors involved. Likewise, innovativeness was explored in terms of the direction of innovation 
(to whom?) and the scale of production in terms of local, regional or international scope were studied. 
Finally, information was gathered from studies and secondary sources on SRL capital assets (human, 
natural, financial, social and physical) and SRL outcomes (income, wellbeing, vulnerability, food 
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3.1 Overview of studies on agricultural constraint-based innovations  
To map the available evidence, we analysed 57 sources across journals from a variety of disciplines, 
including agriculture (Figure 2-2). From this, we extracted 30 cases (Table 2-3) and classified them in 
five categories (Figure 2-3). Previous reviews, which were not limited to one specific sector, had used 
between 64 and 120 papers. Considering that the agricultural sector was reported to be understudied 
(Hossain, 2018, 2017; Rosca et al., 2017b), the number of sources considered in this study should give 
a comprehensive overview. 
 
Figure 2-2: Constraint-based innovations & sustainability studies by discipline and year 
 
One out of three innovations could be classified as ‘agricultural machinery’ (Figure 2-3) and 
examples can be found in Table 2-3.  This category contains constructed machinery and services that 
enable the access to devices. Most of the cases in this category were found in India, while cases 
grouped in the ‘water for irrigation’ category were found in African countries. Like previous reviews, 
frugal approaches were found to be receiving most attention in India and in specific African countries, 





















Figure 2-3: Regional distribution of constraint-based agricultural innovation studies 
°Argentina and Brazil *Tanzania, Kenya, Zimbabwe, Zambia, Rwanda, Uganda, South Africa, Côte d’Ivoire 
 
Apart from the cases shown in Table 2-3, one case of organic fertilizers (Wanda Organic) was identified 
(Hain and Jurowetzki, 2018). Another trend in literature is to link grassroots movements with 
alternative food systems research. Examples in Europe are a dairy farm in the Netherlands (Knickel et 
al., 2018), permaculture in Sweden (Vlasov et al., 2018) and food networks in Spain (Miralles et al., 
2017). These studies mainly discuss the frugal lifestyle, the sharing economy and the role of grassroots 
actors in the innovation process, but some focus on ideas from grassroots ‘ecopreneurs’. For example 
a study in Colombia on commercialisation of coffee (Ramos-Mejía and Balanzo, 2018) and one on 
cooperatives in China (Luo et al., 2017). There is scope here for further research on how innovation 
takes place at different levels of the agricultural value chain and the potential link between frugality 
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Table 2-3: Description of agricultural constraint-based innovations studied  





A fully mechanized and mobile cotton de-shelling (stripper) machine.  
 






A walnut kernel-extracting machine (de-sheller) to mechanize the process of walnut and almond cracking which 
was previously done manually. 
 





A thresher that can be operated both automatically and manually with higher output and minimal damage. 
(Gupta, 2019; NIF, Pepper thresher)  
 
Sugarcane bud chipper 
 
A device for removing buds from sugarcane sticks. Buds are then used further for plantation purposes. 
(Gupta, 2019; NIF, Sugarcane bud 
chipper)  
 
Multi tree climber 
 
Safer manual harvesting of coconut, rubber, palm oil/fruit through climbing. 




An adjustable tool using bicycle components for multi-purpose use, e.g. tilling, weeding, harrowing. 
(Gupta, 2019; NIF, Bicycle wedder.) 
 
Scooter-mounted flour mill 
 
A mill fixed on the back seat of a scooter and powered by a V-belt and pulley system. 
(Hossain, 2017; Pattnaik and Dhal, 
2015; "Scooter-mounted flour mill", 
2008; "Mobile scooter flour mill", 
2014) 
Bullet Santi A modified motorcycle that can be converted into a farming vehicle for ploughing, weeding, sowing and crop 
spraying. 
(Pattnaik and Dhal, 2015; Shepherd et 
al., 2017; "Bullet Santi", 2018) 
Compost maker for mushroom 
cultivation 
An electric machine to turn compost and mix material for mushroom cultivation. (Shepherd et al., 2017) 
Yuvraj - Mini tractors Well-designed mini tractors for smallholders and gardeners.  (Brem and Ivens, 2013; Hossain, 2018, 
2017; Levänen et al., 2015; Sharma 
and Iyer, 2012; Yuvraj,2015) 
TRRINGO  Rental of tractor and farm equipment through a mobile phone app, and a franchise network to make 
mechanization easily accessible and affordable to farmers. 
(Mohan N., 2017; “TRRINGO", 2017)  
 
Power tillers comparison (Failure) 
 










A low-cost foot-pedalled micro-irrigation pump that draws water from underground sources.  
(Vossenberg, 2018) 
 
Communal treadle pumps  
 
A human-powered pump to withdraw groundwater for irrigation. Mainly used by women and children.  
(Baskaran and Mehta, 2016a; Patel 
and Mehta, 2017); Kay and Brabben, 
2000) 
 
Hand operated water pump 
 
A manually operated water pump used for irrigation. It has a high discharge at low cost compared to motorized 
pumps and conventional hand pumps. 
 
(Gupta, 2019; NIF, Hand water pump) 
 
Sunflower pump with drip irrigation 
 
A solar photovoltaic pump combined with an ultra-low-pressure irrigation kit to optimize water efficiency. 
Specially designed to irrigate fields <1 ha. 
 
(Mashnik et al., 2017a) (Hain and 
Jurowetzki, 2018) 
 
Wind-powered low-cost generators 
 
A wind-power generation device made from local materials (old motorcycle engines) to supply energy to pump 




SQFlex for farms  
 
A wind- and solar-powered water pump with a backup battery system. Also includes construction of water 
towers and water stations in remote areas.  
 
(von Zedtwitz et al., 2015); Hyvarien 




A communal water tanks. Johads are small earthen dams shaped like a crescent moon which provide drinking 
and bathing water for livestock.  
 




Self-build construction packages for farm-scale rainwater harvesting which include advisory services on 
materials and techniques to ensure water quality. 
 
(Smith et al., 2014) 
 
Alternative and innovative farming: 
 
Mulch-based method for growing 
potatoes  
 




(Letty et al., 2012) 
 
High-value cash crops  
(cherry peppers) 
 
A 3-innovation package: introduction of a new crop, an improved relationship with the commercial farmer and 
entry into a new supply chain. 
 
 




A set of small-scale agro-ecology techniques for smallholders. 
 
(Smith et al., 2014) 
Chapter 2   
42 
 
Kola trees in cocoa plots (Failure) 
 
A comparison of the removal of Kola trees to enhance productivity and their preservation in cocoa plots.  
 
(Sanial and Ruf, 2018) 
 
Seed intervention comparisons 
(Failure) 
 
A community-based seed production programme promoted by the government in comparison with innovative 
practices by Kikuyu women’s farming group. 
 
(Bhaduri et al., 2018) 
 
 




Agricultural micro-insurance via mobile phone for maize and wheat farmers; provides cover for drought and 
excessive rainfall. It is linked to M-Pesa. 
 




An app or SMS service for farmers that provides up-to-date market prices and connects farmers with buyers 
directly. It has a ‘‘group buying tool’’ allowing farmers to pool resources and negotiate higher prices.  
 






A multi-disciplinary project and co-creation of a weather station network. The stations are low-cost, simple and 
robust and use information technologies. 
 
(Howell et al., 2018) 
 
 
Agricultural biomass gasifiers: 
 
Agricultural Biomass Gasifier  
 
A biomass-based electric generator. Produces 1 kilowatt of power from 1 kilo of bio-waste. It can run an engine 
for an hour. 
 





A low-cost solar-biomass hybrid power plant can deliver 24/7 alternating current (AC) power to households 
and business customers (welding machine shops, telecom towers, rice and flour mills). 
(Hossain, 2017; Levänen et al., 2015; 
Lyytinen, 2017; Numminen and Lund, 
2017; “Husk Powering", n.d.)  
“(Failure)”: innovations which were not adopted or were taken out of use (see 3.4). , See Appendix 1.A and Appendix 1.B for details. 
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3.2 Concepts of agricultural constraint-based innovations 
The terms most frequently used were ‘frugal’ and ‘grassroots’ (Figure 2-4 and Appendix A.1). The terms 
‘Jugaad’ and ‘frugal innovation’ were found in Indian innovations, while ‘inclusive innovation’ and 
‘grassroots’ were found for the two Central and South American cases (Figure 2-4). Innovation 
concepts in Africa seem to be more diverse, including ‘agricultural grassroots’ in South Africa (Figure 
2-4). The terms ‘grassroots initiatives’ and ‘movements’ are mostly used for alternative food systems 
in developed countries (Knickel et al., 2018; Miralles et al., 2017; Vlasov et al., 2018).  The concept of 
frugality is linked to food security and grassroots by Bhaduri et al. (2018), who define it as “both a 
behavioural trait as well as a specific kind of heuristic-based decision-making process”. That decision-
making process is based on: i. a search using simple steps and intuitive reasoning, ii. efforts to adapt 
to the context-related challenges through the capacity for learning and imitation and iii. an emphasis 
on actual performance, practicability and effectiveness (Bhaduri et al., 2018). Similarly, models like the 
Learn to Innovate (LTI) model and the 3Ls model (labels, linkages and learnings) highlight the key role 
of the types of knowledge on small-scale innovations (Douthwaite et al., 2009; Krishnan and Foster, 
2018). The concept of ‘smallholder innovation’ was used only once (Sanial and Ruf, 2018) even though 
it can be comparable in scale to FI or GI.  
 
Figure 2-4: The use of constraint-based agricultural innovation per region 
Others+: smallholder-driven innovation and innovation in resource constraint environments. 
°Argentina and Brazil. *Tanzania, Kenya, Zimbabwe, Zambia, Rwanda, Uganda, South Africa, Côte d’Ivoire. 
From the concepts identified (Figure 2-4), ‘sustainability-driven’ and ‘inclusive’ innovations are not 
considered in the review by Agarwal et al. (2017) as types of constraint-based innovations. 
Interestingly, authors take ‘inclusiveness’ as a prescriptive variable or have often considered it as a 
given characteristic rather than a type of innovation (Agarwal et al., 2017). Nonetheless, inclusive 
innovations have been defined previously as “the development and implementation of new ideas 
which aspire to create opportunities that enhance the social and economic wellbeing for marginalized 













members for disenfranchised members of society” (George et al., 2012). The term ‘inclusive’ implies a 
stronger attention at livelihoods level through the innovation processes (Christopher Foster and Heeks, 
2013). Due to its resonance, a prerequisite of inclusivity within the concept should be considered.  
3.3 Key attributes of agricultural constraint-based innovations 
The outcome of the analysis of each case in terms of the key attributes: the design process, the 
direction of innovation and scale of production is summarized in Figure 2-5 (see Appendix 1.A , 1.B). 
We found that the innovators, the actors supporting the innovation and the scales are diverse. 
However, the ultimate user or prosumer (producer-consumer) is the BOP.  
Figure 2-5: Distribution of cases based on the identified key attributes 
Level of participation of innovation networks during the (co) design (increased participation towards the top +), 
observed direction of the innovations and scale of production. 
 
3.3.1 (Co)design process  
Local actors (farmers, farmers’ organizations and non-educated people) designed one-third of the 
innovations found. The Syngenta Foundation supported the development of an agricultural micro-
insurance scheme (Kilimo-Salama), whereas the treadle pumps (MoneyMaker and water communal 
pumps) were initiated by an NGO. The drivers of the co-innovation processes are also diverse. For 
example, the TAMHO project was driven by a knowledge gap and a lack of meteorological stations in 
African regions. BOP markets drove the Kilimo-Salama mobile app as an additional service of M-Pesa, 
while the M-farm project was driven by poverty alleviation through access to technology and 
information. Women were the innovators in only two cases: M-farm, in which young educated women 
(20-23 years old) developed the idea during a software competition, and the case of the Kikuyu tribe 
in Kenya, where a group of seven women have developed various innovations and gained access to 
agricultural decision-making (Bhaduri et al. 2018). Besides the innovators and their motivations, our 
results also show that the level of involvement of innovation networks is crucial for scalability. This is 
in line with the innovation ecosystem of frugal approaches as described by Pisoni et al. (2018). 
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Participation of the Innovation networks during the (co) design  
In India, innovation and knowledge networks have supported innovations related to 
agricultural equipment, e.g. by providing advice, funding and patent consultancy. The Honey 
Bee Network in Ahmedabad is a good example. It consists of three organizations: the Society 
for Research and Initiatives for Sustainable Technologies and Institutions (SRISTI), the National 
Innovation Foundation (NIF) and the Grassroots Innovation and Augmentation Network 
(GIAN) (Pattnaik and Dhal, 2015). Its activities include identifying, documenting and incubating 
grassroots innovations (GIs) that are based on traditional and indigenous knowledge systems 
and transforming these GIs into commercially viable technologies (www.sristi.org). In addition, 
Krishnan and Prashantham (2018) have focused on intellectual property regulations, especially 
in India, where it seems that innovation networks and institutions are working. Recently, a 
roadmap for the replication of the Honey Bee Network in Kenya has been discussed (Gupta et 
al., 2019). Prolinnova in South Africa is another example of a network identified (Letty et al., 
2012). Such types of networks were not found for the Central and South American examples, 
where only participatory approaches around knowledge management were identified 
(Douthwaite et al. 2009). 
3.3.2 Scale of production and impact  
In terms of scalability, most cases of constraint-based innovations impact their local communities (local 
level) and regions. In contrast, the cases where firms are the inventor (firm-level to BOP) have spread 
regionally and internationally. Two agricultural biomass systems identified in India contrast with each 
other in terms of their scale (see Appendix 1.B for details). One innovator was motivated by his own 
childhood experience of struggling to water the fields at night due to electricity shortages; he gained 
knowledge and skills through practice with small-scale gadgets and listening to BBC science radio 
programmes, enabling him to create a biomass gasifier for his community (Pansera and Sarkar, 2016; 
Sarkar and Pansera, 2017b). On the other hand, three young Indian students in the USA started Husk 
Power with private support from the Shell Foundation. This local social enterprise, has reached 200 
villages at the regional level and planning to expand into Tanzania. 
3.3.3 Direction of the innovations  
The most common direction is from BOP to BOP (Figure 2-5, Appendix 1.B), which contrasts with 
previous studies across sectors that identified from private sector or companies to BOP as main 
direction (Hossain, 2018; Rosca et al., 2017a). For the agricultural machinery category, a common 
direction of the innovation was BOP-to-BOP. In all cases of innovative farming systems, the direction 




addition, rental services are provided via a mobile app and franchise network (TRRINGO). For ICT-based 
innovations, we found the direction to be from the firms, start-up, university or NGO to BOP. NGOs 
restored the Johads, an ancient technology, to provide self-built water tanks for livestock. In the case 
of Brazil, the Cisterna (rainwater harvesting) programme was conducted by the government. By 
contrast, wind and solar water pumps were launched by a local SME in partnership with an 
international company (Grundfos in Denmark). Grundfos developed SQFlex, a water supply solution 
based on wind and solar pumps, and a system in which residents can purchase credit via mobile phone 
(Safaricom's M-Pesa) and use it to buy drinking water.  
3.4 Theoretical underpinning of agricultural constraint-based innovations 
The models and theories applied by authors are summarized in Table 2-4 (see Appendix 1.B) with its 
respective frequencies. The appropriate technology movement is the most common theoretical 
approach used by authors exploring the case studies. 
Table 2-4: Frequency of theoretical approaches applied by authors exploring innovations 
 







Human and social capital theories 4 
Normative motivations (values of the innovator) 2 
Technology for social inclusion 2 
 
Grassroots participatory model 
Agency Theory and Information Asymmetry 
Power and Gender studies 
Decision Theory  
1 each 





Resource-constrained product development 3 
Innovation Theory (diffusion, networks) 2 
Innovation System Theory 1 
 
Product Lifecycle Theory,  
Business models (value capturing and value creation) 










Applying the Appropriate Technology concept to evaluate failure cases  
Failure cases are described below in the context of AT and are defined as innovations which were 
not adopted, were taken out of use, or pose a health risk to the user (Table 2-5). Smith et al. (2014) 
compared past Appropriate Technology (AT) with the movements of technologies for social inclusion 
in Central and South America and found persistent challenges for grassroots innovators. These 
challenges include the focus on local contexts while seeking diffusion, but also the pursuit of systematic 
changes and social justice. AT is defined as technology that is suitable for the socio-economic and 
geographical context, is environmentally sound and promotes user self-sufficiency. This resonates with 
the characteristics of constraint-based innovations and FIs. This is not surprising as the historical roots 
of frugal innovation are often traced back to the AT ideas propounded by Schumacher (Kaplinsky, 2011; 
Schumacher, 1973). However, within frugal innovation studies the focus has moved from charity to 
for-profit (Rosca et al., 2017b). Further theoretical studies to rediscover and merge the schools of 
thoughts are proving fruitful. The recent work by Patnaik and Bhowmick (2019) is revisiting AT in 
emerging countries. This is particularly important for agriculture due to the rapidly expanding fields of 
innovation in rural contexts (i.e. precision agriculture technologies, big data for development and agri-
business). For example, even though power tillers from emerging economies require more labour and 
have relatively adverse environmental and health impacts, they are more accessible to small-scale, 
poor and female farmers in Tanzania (Agyei-Holmes, 2016). The effect of indigenous and traditional 
technologies is not extensively covered in the study; nor the effect of networks on adoption. However 
the social appropriation factor is mentioned (Agyei-Holmes, 2016). 
 
Table 2-5: Failures assessment under the Appropriate Technology theoretical umbrella 
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*Appropriate Technology’ features according to Patnaik and Bhowmick (2019) 
Another example is a governmental initiative that supports local engagement by a commercial seed 
programme with farmers’ input in eastern Kenya. The intervention was not flexible enough to respond 
to uncertainties (water supply/rainfall) and failed to create a local demand for the high-quality seeds 




removal of Kola trees from cacao plantations in Côte d’Ivoire. The advice aimed to increase productivity 
and achieve Rainforest Alliance Certification but failed to take account of the social meaning that locals 
attach to the trees (Sanial and Ruf, 2018). The authors used qualitative and quantitative methods (a 
survey of 120 farmers and 10 leaders of cooperatives) in an 80-plot botanical inventory covering 1.5 
years and found no significant productivity improvement. This illustrates the importance of NGOs 
having community knowledge and the need for more context-based approaches (Sanial and Ruf, 2018).  
A last example is the case of communal treadle pumps in Zimbabwe. Women stopped using them 
for reasons that varied from the discomfort of using the pump wearing dresses to complaints of men 
about their wives’ performance in bed caused by the use of the pump (Baskaran and Mehta, 2016b; 
Kay and Brabben, 2000). Surprisingly, a similar technology did work in countries such as Niger and 
Kenya but did not work in Zimbabwe. Vossenberg (2018) analyzed the MoneyMaker (human-powered 
irrigation pump) through a gender lens and suggested that the innovation cannot be labelled as fully 
inclusive. However, recent reports claim the opposite. A one-page published summary of an impact 
study in Tanzania states that 93% of women reported feeling empowered by owning a pump and that 
families increased their household income and children’s school attendance. Similarly, KickStart 2016 
claims to empower women, especially in Angola, where KickStart, Ajuda de Desenvolvimento de Povo 
para Povo (ADPP) and ExxonMobil Foundation have worked together through a Women’s Farmers 
Clubs project. The clubs’ objective is to apply more efficient and sustainable technologies that enable 
female farmers to produce more food. The differing impacts of water pumps suggest the need to 
advance ‘inclusivity’ standards through empirical studies on smallholders and women, and to take a 
broader view on challenging issues such as food, cultivation methods, local structures and social 
dynamics (Bhaduri et al. 2018).  
The challenges for AT should be considered by frugal innovation practitioners, researchers in the 
field and innovators addressing BOP markets. Also, managers promoting private-public partnerships in 
agriculture should consider them. For example, a comprehensive comparison of AT features for water 
pumps, explained how the Sunflower pump was developed iteratively and how it integrates several 








In the extracted cases the only framework used that is linked with sustainable development is the 
Sustainable Rural Livelihood framework (SRL) (Scoones, 1998). The SRL framework shows how 
sustainable livelihoods are achieved through access to a range of livelihood resources (natural, 
economic, human and social capitals) which are combined in the pursuit of different livelihood 
strategies. (Scoones, 1998). Specifically in relation to agricultural policy, Bhaduri et al. (2018) integrate 
the SRL with decision-making processes at the grassroots level. The authors argue that complex and 
interlinked sets of activities conducted by farmers to achieve food security could be better understood 
through a frugality lens. In other words, they argued that a frugality lens helps to better appreciate the 
strengths of a bottom-up approach for effective policy formulation, an appreciation of which would 
promote the link between bottom up and top down perspectives. Similarly, an ex-ante impact 
assessment of an innovation developed by BRAC (an international development organization) in 
Bangladesh aims to be useful for policy-making in scarcity contexts (Malek et al., 2017). Malek et al. 
(2017) integrate the SRL to assess the potential of agricultural innovations for marginalized (poor) 
smallholders. The evaluation looks at productivity improvements by identifying marginal areas and 
local smallholders and assesses the innovation potential per se. It creates a thorough understanding 
of the interactions between technology needs, farming systems, ecological resources, and institutional 
and poverty characteristics. While Bhaduri et al. (2018) and Malek et al. (2017) actively address and 
integrate the SRL, Krishnan and Foster (2018) and Douthwaite et al. (2009) merely acknowledge the 
potential impact on livelihoods and highlight innovations as a coping mechanism in response to risk. 
The SRL (see Figure 2-6) was used to link the innovations’ results with SRL capital and outcomes. The 
method is explorative and aims to obtain insights into relationships; consequently, it is impossible to 
draw robust conclusions about the real impacts of an innovation (Appendix 2.C). However, it can be an 
insightful tool to explore inclusivity at the BOP, sustainability and drawbacks of innovations. 
 
Figure 2-6: Sustainable Rural Livelihood capitals 
Capitals (a) and outcomes (b) mentioned in the agricultural innovations’ cases. 




SRL Capital: Human capital is the most common type of capital mentioned in half the cases we 
extracted. We argue that SRL capital is an important condition that makes it possible for actors at the 
BOP to innovate. For example, both cases of biomass gasifiers use human capital assets to support the 
innovation. In one case, the innovator gained self-knowledge through practice with small-scale gadgets 
while listening to science radio programmes. While the Husk Powers Company relies on local 
entrepreneurs’ franchises to operate the systems. In addition, TAHMO creators launched a 
competition where locals were encouraged to design low-cost sensors using local resources. TAHMO 
is also linked to School-2-School, a science and technology education programme utilizing on-site 
climate monitoring to study local weather. As for natural capital, it could be argued that removing Kola 
trees in cocoa plantations deprives households of natural capital (Sanial and Ruf 2018).   
SRL outcomes: In the case of the Kola trees, it is stated that at least 40% of the households’ income 
from the Kola nuts belongs to women (Sanial and Ruf 2018). The ‘increased well-being’ outcome is 
mentioned most frequently, followed by ‘reduction in vulnerability’. The latter gives insights that frugal 
approaches to agricultural innovations can be a pathway to reduce livelihood vulnerabilities. Only the 
two cases in the ‘water for irrigation’ category mentioned the ‘more sustainable use of resources’ using 
renewables. The agricultural biomass gasifiers might also contribute to the ‘more sustainable use of 
natural resources’ outcome. Surprisingly, ‘food security’ was the least mentioned outcome. This offers 
scope for future research. These findings are in line with the SRL framework, because an agricultural 
innovation could be a livelihood strategy. For example, the role of women in GIs can support climate 
resilience (Dey et al., 2018) and advance inclusivity, a prerequisite for these innovations.  
A relationship between SRL outcomes and different SRL capital assets was identified. These 
relationships are of importance to identify positive indirect (not planned) or “multiplier” effects on 
sustainable development. Examples of an indirect impact are women’s empowerment promoted by 
agricultural innovations (Bhaduri et al., 2018) and the Johangir Foundation established in India. The 
Foundation is an innovation school for children set up by the inventor of the scooter-mounted flour 
mill. The impacts of SRL outcomes and capital assets on adoption (Figure 2-7) may be an interesting 
area for further research. The same applies to the design of comprehensive and simple indicators 




Figure 2-7: Outline to explore the impact of innovations on sustainable rural livelihoods 
Dashed lines indicate potential further research. 
Looking at the studied cases it seems that also in the agricultural sector the direction of the innovation 
(i.e. who the innovation aims to benefit) (Figure 2-7) affects the scale and the impact on sustainable 
development (Rosca et al., 2017b). 
 
A framework is proposed based on the 30 cases extracted (Section 3, Table 2-3), the innovations’ 
attributes and the theoretical approaches found. The framework aims to be a starting point for 
practitioners and innovators who research and develop constraint-based innovations in the 
agricultural domain. For example, to frame an initial definition of the innovation and explore suitable 
theoretical approaches already being used. Moreover, the relation among technology design 
(prosumer-centred or product-centred) and adoption is acknowledged by integrating intention and 
use of new technologies models. 
 
Figure 2-8: A starting point framework for agricultural constraint-based innovations 








For the first time, the available evidence on constraint-based agricultural innovations was mapped 
based on 30 cases. As in previous studies, the concepts frugal innovation (FIs) and Jugaad are mainly 
found in African countries and India. Inclusive, grassroots and smallholder innovations were found in 
Central and South America, opening the way for further research towards conceptualization in this 
context. To analyse the cases this review covered less explored attributes of the adapted Technology 
Acceptance Model: the design, direction and scale of the innovation (Agarwal et al., 2017). It was found 
that apart from NGOs, multinational companies (MNCs), governments and universities, farmers and 
locals are also able to initiate the innovation processes with support from collaborative initiatives. The 
importance of innovation networks, such as the Honey Bee Network in India (Gupta et al., 2016), during 
early phases and for scaling up is highlighted. Similar examples of collaborations across a diverse group 
of actors were found in the Sunflower pump and the TAHMO project. This indicates that there is a 
need for further research about actors’ innovation ecosystems and scalability to promote action at 
local and regional levels. Further research is also required to map this type of network in the Americas, 
and to clarify the type and ownership of intellectual property (Sissoko and Castiaux, 2018). As for the 
direction of the innovation, we found BOP-to-BOP in 33% of the cases studied. Hence, the impact on 
sustainable development at the BOP should not only be measured at the final product or company 
level, but should also reflect ‘inclusiveness’ at livelihood level. One study found which measured 
‘inclusiveness’ quantitatively along the horticultural value chain in Africa (Krishnan and Foster, 2018). 
However, measurement tools and frameworks were not found for Central and South America. The 
underpinning theoretical approaches reviewed reveal that the conceptual framework of Appropriate 
Technology (AT) in socio-technical systems is suitable to discuss unsuccessful cases (Section 3.4).  
Additionally, the Sustainable Rural Livelihood (SRL) perspective was applied to map the 
relationships between potential SRL outcomes, SRL capital assets and indirect impacts. Although with 
this approach it is impossible to draw robust conclusions about impacts, it explores insightful 
relationships among them for further research (Fig. 8). The most frequently recognized SRL capital and 
SRL outcome were ‘human capital’ and ‘increased well-being’ respectively. The latter is of importance 
for further research on capacity building and community development. Moreover, the SRL framework 
could be useful to map the cultural and social factors within a specific context. It may also be useful to 
link the inputs and outputs of adoption models, such as the Adapted Technology Acceptance Model. 
Limitations of the current work are the exploratory nature and the limited number of agricultural 
constraint-based innovations identified in the literature. 
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3. CHAPTER 3 
ASSESSING FARMERS’ INTENTION TO ADOPT AN 












This chapter is based on:  
Molina-Maturano, J.; Verhulst, N.; Tur-Cardona, J.; Güereña, D.T.; Gardeazábal-Monsalve, A.; 
Govaerts, B.; Speelman, S. Understanding Smallholder Farmers’ Intention to Adopt Agricultural Apps: 





Based on the agricultural constraint-based innovation’ attributes identified in Chapter 2, the case of a 
mobile phone app, being developed for small scale farmers in Mexico, was chosen to measure their 
intention to adopt throughout the pilot testing phase. To this respect, it is important to first describe 
why this type of mobile phone app is considered as a constraint-based innovation. This is outlined as 
a foreword of this capter.  
While several studies have focused on the actual adoption of agricultural apps and the relevance of 
the apps’ content, very few studies have focused on drivers of the farmer’s intention and initial 
decision to adopt. Based on a survey of 394 smallholder farmers in 2019, this study investigated the 
intention to adopt an agricultural advice app in Guanajuato, Mexico.  A structural equation modeling 
approach, based on the unified theory of acceptance and use of technology (UTAUT), was applied. To 
increase understanding of the farmers’ intention, extended constructs were studied (e.g., mastery-
approach goals) along with the farmers’ age and participation in an innovation hub. Results showed 
that the intention to adopt the app is predicted by how farmers appraise the technical infrastructure 
and by the extent to which they believe to acquire new knowledge by using the app. The study found 
that the model accounts for 28.5% of the variance in the behavioural intention and this increases to 
42.8% when the mastery-approach goal is added.  The multi-group analysis revealed that performance 
expectancy is a relevant predictor of the intention to adopt, whereas the mastery-approach goal is 
relevant only for younger farmers and farmers not connected to the innovation hub. This study 
provides valuable insights about the role of innovation hubs in the diffusion of agricultural apps. The 










Keywords: structural equation modelling, innovation hub, smallholder farmers, precision agriculture, 
smartphone apps, unified theory of acceptance and use of technology, design thinking 
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Knorringa et al. (2016), among other authors, have identified the relevance of looking at the 
potential of information and communication technologies (ICT) and mobile phone apps for farmers in 
frugality studies. Potential benefits of these tools  for farmers in developing countries include the 
reduction of transaction costs, increase in access to resources and the promotion of stronger social 
networks (Baardewijk, 2017; Vota, 2017). Section 1.1 outlines the characterisation of agricultural 
advice apps as constraint-based innovations providing access and affordable services to smallholder 
farmers, and its option for simplicity and robustness. The classification is in line with the frugal 
innovation logic, process and outcome dimensions (Table 1-1). The logic is based on experimentation 
with final users, the process focus on the product and the outcome is a product that aim to bring 
agriculture advices to smallholder farmers. As discussed in Chapter 1 and 2, the three main prescriptive 
attributes are (1) the direction of innovations, (2) consideration of innovations networks and (3) the 
potential to scale. These mentioned attributes are ignored in current studies, and seemingly drive 
technology ease-of-use and effectiveness’ perceptions (Agarwal et al., 2017). The present study was 
conducted in the framework of the development of a specific agricultural advice app called AgroTutor 
(Section 1.2). Also, this app fits the characterization as a constraint-based innovation based on three 
abovementioned attributes due to its the focus on user-centered design early in the development 
process, the smallholder farmers target population and the typical constraints found in rural areas in 
developing countries (Fig. 3-1). 
 
 
Figure 3-1: AgroTutor app case and key attributes 
Level of participation of innovation networks during the design, observed direction of the 




1.1 Agricultural mobile phone app as a constraint-based frugal innovation 
The first attribute relates to the direction of the innovation, the app is being developed by research 
institutes in collaboration with government targeting small scale farmers at the BOP. The main 
research institute is the International Maize and Wheat Improvement Centre known by its Spanish 
acronym, CIMMYT, a non-profit research and training organization with more than 400 partners in 
over 100 countries. CIMMYT is the global leader in publicly-funded maize and wheat research and 
related farming systems. Headquartered near Mexico City, the Centre works with its partners 
throughout the developing world to sustainably increase the productivity of maize and wheat cropping 
systems, thus improving global food security and reducing poverty. For this it applies agronomy 
practices and breeding, socioeconomics, agricultural extension, and capacity building to create 
sustainable solutions with a focus on climate change, hunger and nutrition, rural community 
development, and the environment. The second attribute is the participation within an innovation 
network during the design phase, and this is related to the innovation hub where the app is embedded. 
During the pilot testing phase, usability tests and early feedback were conducted with smallholder 
farmers in the context of an existed innovation hub in El Bajío region in Guanajuato (Laso Bayas et al., 
2020). The third feature refers to the potential of scaling, and the responsible scaling strategy that is 
being developed to the whole country and other countries (Chapter 5). In the following sub sections 
each of the attributes is further explained. 
1.1.1 Direction of the innovation: a choice for the poorest 
In 2010, the Mexican government, together with CIMMYT, launched an agricultural initiative called 
Sustainable Modernization of Traditional Agriculture (MasAgro). Then, the direction of the innovation 
assumed is the case of a government-research institute partnership developing a solution to the 
smallholder farmers in the context of that program. The programme is a research for rural 
development project of Mexico’s Secretary of Agriculture (SADER) and CIMMYT that promotes a 
sustainable intensification of maize and wheat production. It also seeks to increase farmer income and 
their production systems sustainability by implementing collaborative research initiatives, developing 
and promoting the use of improved seed, sustainable technologies and farming practices (‘MasAgro 
Description’ website, 2020).  As well, to develop skills and to transfer knowledge and technologies 
specifically adapted to meet the needs of the small scale farmer (‘MasAgro Farmer | CIMMYT’, 2015). 
Since early stages of the project it has also evolved to focused on poverty reduction: “MasAgro, 
epitomizes the opportunity (and challenge) faced by CIMMYT in meeting pressing food security 
needs…There now exists an opportunity for CIMMYT and its staff to manifest their commitment to 
poverty reduction through new ways of thinking and action” (Donnet et al., 2012; Hellin and Camacho, 
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2017). Recently, the CIMMYT along with other research institutes (CIAT and IIASA) won the ‘2020 
Innovative Applications in Analytics Award’ with their ‘Integrated Analytics for Sustainable Agriculture 
in Central and South America’ projects. The resulting analytics feed an application called AgroTutor 
(IIASA, 2020) which offers free information to farmers, including historic yield potential, local 
benchmarks, windows of opportunity, recommended agricultural practices and commodity price 
forecasting. The application is aimed at providing agricultural recommendations, particularly to bring 
affordable decision making and precision agriculture tools to smallholder farmers often overlooked 
during the development of these innovations: 
 
Source: CIMMYT Blog entrance May, 2020 
1.1.2 Innovation networks participation during the design phase: the MasAgro programme 
MasAgro programme focuses on developing and spreading sustainable agricultural practices and 
technologies, and works in major maize and wheat-growing regions in Mexico. MasAgro is essentially 
a network of technology supply value chain actors ranging from farmers to policymakers (Hellin and 
Camacho, 2017). Elements of the design thinking process can be identified throughout MasAgro 
approach: a user-centred methodology, experiments based on the interests and needs expressed by 
locals, iterative prototyping as they apply to local condition (Liedtka et al., 2017). These elements 
resonate as well with frugal approaches to innovation where needs of the users at the BOP are the 
centre to design for functionality in resource constraint context. 
How does the innovation network and hubs work? 
On-farm testing and trials are linked to strategic experimental platforms operated by research 
institutes. These are designed to synthesise a global understanding of production systems and their 
adaptability to different environments, cropping systems, and farmers’ circumstances. Research in 
the platforms locally adapts and improves the proposed technologies and solves problems arising 
from the farmer trials which are specific to the local cropping systems. Additionally, the 
experimental platforms serve to train farmers, extension agents, researchers, and other 
collaborators to enhance farmer uptake of agricultural technologies and practices (See 2-3 Research 
context). Over time, farmers decide what works best and share it with other locals, not only offering 
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opportunities to others to follow the practices but also open doors for further bottom up scaling 
process. For the CIMMYT, monitoring, evaluation and learning efforts are an integral part of 
innovation systems. Extension agents generate summary diagnostics in the existing data collection 
system, but farmers have been requesting feedback that is more detailed, benchmarking and more 
continuous access to recommendations than individual extension agents can provide in the current 
system. As a result, CIMMYT has identified the need to develop an openly available mobile app 
that draws upon the vast experience and information collected over the years, but also provides 
some of the functionality that can be found in proprietary apps. Working with the International 
Institute for Applied Systems Analysis (IIASA), a prototype smartphone application called AgroTutor 
was developed (Laso Bayas et al., 2020). The application is aimed at providing specific and timely 
agricultural recommendations for farmers across Mexico. It allows farmers to query information 
for crops at specific locations, providing targeted agricultural and benchmarking information (Laso 
Bayas et al., 2020). 
1.1.3 Scale in resource-constraint contexts: design for scalability and impact  
The results of the review in Chapter 2 show that the level of involvement of innovation networks is 
crucial for scalability. This is in line with the innovation ecosystem of frugal approaches to innovation 
described by Pisoni et al., 2018. The COVID-19 crisis has shown that we need sustainable change at 
scale, and short term and one-off solutions will not do. This has only accelerated a trend of funders 
and implementers shifting to a more systemic approach (Woltering, 2020). The identified scaling 
attribute relates to the current paradigm change of moving from adoption and outcomes to impacts 
by institutes such as CIMMYT and CGIAR partners (Woltering, 2020). In the last decades, those 
institutes have expanded its focus on what happens with research outputs beyond adoption. CIMMYT 
has always been working on having a positive impact and changing more people’s lives for the better. 
However, how that happened in a specific context has never been integrated systematically in the 
design, implementation nor the learning. “Scaling is finally getting recognized as a science but also as 
an art, and it is great to work on both fronts with scientists and project managers,” says Woltering. 
(More details on the strategy are given in the Chapter 5) 
Source: CIMMYT Blog entrance May, 2020 
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Against this background, and taking advantage of the timing of the study while the scaling ambition 
is being defined, the app was chosen as the case study to escort their pilot testing phases with two 
applied econometric methods.  One assesses the farmers’ willingness to adopt and it is described in 
this chapter. To investigate the farmers’ willingness to adopt the AgroTutor app, a survey based on the 
UTAUT (Unified Theory of Acceptance and Use of Technology) was conducted during the last phase of 
development based on a survey of 394 farmers in the state of Guanajuato (Mexico). In addition, the 
attribute of innovation network is explored throughout a multi-group analysis using farmers’ 
connections to an innovation hub (MasAgro) as moderator variables. These findings are useful to 
provide relevant feedback from the field to app developers during the scaling ambition definition, and 
provide insights on ways of encouraging increased adoption. The following section presents the 
manuscript submitted to this respect.  
1.2 Adoption of agricultural mobile phone-apps  
Smartphone applications can provide farmers with easy access to tailor-made relevant information 
to inform their decisions to increase crop yields, protect their land and water resources and improve 
their livelihoods (Chipidza and Leidner, 2019; Mittal and Mehar, 2012). The adoption of mobile phone 
technologies by farmers also entails the promise to collect more comprehensive, relevant, and 
accurate agricultural data (Eitzinger et al., 2019; Jordan et al., 2016). Moreover, crowdsourcing and 
Citizen Science applications offer solutions for simultaneously provision of affordable decision support 
systems (DSS) to smallholder farmers while collecting agricultural data (Beza et al., 2017; Minet et al., 
2017).  However,  uptake by farmers and advisers of DSS and mobile phone apps are still somehow low 
(Rose et al., 2016). Among others, challenges of low uptake relates to financial barriers, infrastructure, 
gaps among developers and end-user information needs, and lack of understanding of farmers' profiles 
in the local context (Eichler Inwood and Dale, 2019; Lindblom et al., 2014; Rose et al., 2016). Previous 
recommendations to effectively DSS design and delivery are found in academic literature in the UK 
(Rose et al., 2016) or generated by private consortiums such as the GSMA mAgri Design Toolkit for 
developing countries (GSMA, 2020). However, other geographical regions and realities similar to rural 
areas in Central and Latin America remain understudied (Michels et al., 2020).  
Moreover, where adoption does occur, not all farmers adopt Information and Communication 
Technologies (ICTs) in the same manner (Trendov et al., 2019b) nor are farmers' motivations the same 
in all settings (Beza et al., 2017). While current studies have focused on smartphone adoption by 
farmers in African countries (Emeana et al., 2020; Kabbiri et al., 2018) and on advice-delivery tools for 
smallholder farmers in India (Mittal et al., 2019); only a few have focused on the initial adoption 
decision. The actual adoption is normally studied at late stages of an app development or after an 
intervention using ICT for development. In contrast, studying the intention to adopt during early stages 
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of an app development might provide early feedback towards enabling user-centredness (Steinke et 
al., 2020). The drivers of farmers' initial adoption of agricultural information apps are less studied than 
those of apps offering financing or health services (Wyche and Steinfield, 2016b). Exceptions are a 
study which looked at the initial adoption of smartphone apps for crop protection in Germany. 
However, more research is needed in developing and emerging countries (Michels et al., 2020). 
Therefore, we investigate the factors affecting the initial uptake of an agricultural app by Mexican 
smallholder farmers. This is highly relevant because Mexico is a region with a viable ecosystem of ICT 
innovations in the agricultural sector due to mobile phone apps being developed by government 
agencies to connect farmers with buyers or get advice on crops production. As well, B-corporations 
such as the Extensio platform (Esoko before) were launched in 2015 to provide content to Mexican 
farmers through SMS, a call centre and a smartphone app.  Furthermore, reflecting on the extension 
experience and large datasets of the International Maize and Wheat Improvement Center (CIMMYT), 
the AgroTutor app is a mobile phone app that provides information to smallholder farmers about maize 
and wheat and related topics, including weather, grain and input prices, benchmarking, agronomic 
recommendations and potential yield (Laso Bayas et al., 2020).  
To gain a better understanding of farmers' initial adoption decision, this study applied the Unified 
Theory of Acceptance and Use of Technology (UTAUT) introduced by Venkatesh et al. (Venkatesh et 
al., 2003). The UTAUT considers the behavioural factors “performance expectancy” (PE), “effort 
expectancy” (EE), “social influence” (SI) and “facilitating conditions” (FC). Based on a fieldwork survey 
conducted in 2019 with 394 farmers, the model for the UTAUT is estimated using structural equation 
modelling (SEM). While current studies have focused on farmers' general willingness to pay for 
smartphone apps (giving for example crop protection advice), none have focused on the intention to 
adopt such technology in developing countries (Michels et al., 2020) 
Therefore, the novelty of this chapter is twofold. Firstly, this is the first study explicitly focusing on 
smallholder farmers’ initial adoption decision of an agricultural app in Mexico. Specifically, this study 
adds to the literature by examining if the UTAUT enriched with additional constructs can contribute to 
the understanding of the underlying behavioural factors influencing the farmers' initial adoption 
decision. In this way we can explore the effect of smallholder farmers’ motivation to learn and explore 
new technologies and their perception of the app during the initial decision to adopt. Extending the 
UTAUT constructs offers two interesting notions: (i) a baseline of farmers' intrinsic motivation (‘why’ 
are they motivated to use it); and (ii) behavioural factors influencing the intention to adopt (‘how’ is 
the app being perceived). Secondly, this is the first study considering the role of ‘connectedness to an 
innovation hub’ in the farmers' intention to adopt a smartphone app developed by a non-profit 
research-for-development organization (vs. commercial for-profit apps). One important contribution 
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by this study is to increase our understanding of the innovation hubs' effect on the intention to adopt 
such apps specifically in developing countries. The results are of interest for decision makers in 
digitalization, app developers and project managers. The results provide insights on ways of 
encouraging adoption of non-commercial (free) agricultural apps that provide affordable precision 
agriculture services (site-specific advice, weather information, yield forecast) that complement the 
work of extension agents in the field. Additionally, the results elucidate the smallholders' adoption 
drivers of apps that provide commodity price forecasts and financial benchmarking; while encouraging 
























2.1 Acceptance of and willingness to adopt information and technology models 
The Unified Theory of Acceptance and Use of Technology (UTAUT) aims to explain usage behaviour 
such as the intention to adopt a mobile phone app (Venkatesh et al., 2003); and has been empirically 
validated in diverse disciplines (Williams et al., 2015). It is the theoretical basis for the present work.  
The model is based on eight prominent user adoption models and was later extended into the UTAUT2 
by adding three constructs (hedonic motivation, price value and habit) (Venkatesh et al., 2012). 
However, UTAUT2 constructs are not included in this work since the focus is on the initial adoption 
rather than actual use. The hypotheses concerning the relationships between the proposed factors of 
the farmers’ behavioural intention (BI) are outlined below and represented in Figure 3-2. 
 “Performance expectancy” is the degree to which using a technology will provide benefits to 
individuals using it (V. Venkatesh et al., 2003). It refers to the degree to which a farmer believes that 
accessing agriculture-related information through a mobile phone app will benefit her/his farming 
activities. One attractive feature of an agricultural app is farmers’ ability to access accurate local 
information anywhere, at any time, without wasting productive time. Therefore, we hypothesized 
that:  
H1: Performance expectancy (PE) positively affects behavioral intention (BI) to use a mobile phone app.  
“Facilitating conditions” refers to the extent to which farmers believe that technical infrastructure 
exists to help them to use a technology whenever necessary (Venkatesh et al., 2012). Using a mobile 
phone app requires certain skills, such as being able to operate a mobile phone, download the app, 
and navigate the content. A farmer who shares a household with an educated person or has access to 
facilitating conditions, such financial resources, will have a greater intention to use. Therefore, we 
hypothesized that:  
H2: Facilitating conditions (FC) positively affect behavioral intention (BI) to use a mobile phone app. 
“Effort expectancy” is the degree of ease associated with farmers’ use of a technology (Venkatesh et 
al., 2012). In the case of an app, some farmers might be more literate than others in ICT-based 
technologies and would accordingly be expected to have fewer problems using a mobile phone to 
access agricultural or crop information. It is expected that farmers who are easily able to obtain and 
interpret relevant information using a mobile phone app would be more willing to use it and therefore 
we hypothesized that:  
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H3: Effort expectancy (EF) positively affects behavioral intention (BI) to use a mobile phone app. 
“Social influence” is the extent to which farmers perceive that important people believe they should 
use a particular technology (Venkatesh et al., 2012) such as a mobile phone app. The primary 
assumption is that individuals tend to consult their social network, especially friends and family, about 
new technologies and can be influenced by perceived social pressure of important people. It might be 
particularly important to explain an initial adoption (Min et al., 2018). Therefore, we hypothesized 
that:  
H4: Social influence (SI) positively affects behavioral intention (BI) to use a mobile phone app. 
2.2 Additional constructs: personal innovativeness in IT, mastery-approach goals, and trust  
In this study additional constructs, the mastery-approach goal orientation (MAG) and personal 
innovativeness in information technology (IN) extend the reach of UTAUT for assessing farmers’ 
intention to start using an app. Such intrinsic motivations were found suitable as they can provide a 
baseline to explore ‘why’ farmers might be motivated to use an app based on their incentive to learn 
and master something. Researchers have recently suggested “attitude” as a mediator of the intention 
to adopt (Dwivedi et al., 2019). However, MAG and IN are specific to IT technologies and suitable for 
the case of an agricultural app aiming at exchange of information. In the following paragraphs a 
detailed description of the theories in which the constructs are based as well as the rationale to select 
them in the present model is presented.  
Diffusion of Innovation Theory (DIT) is an extensive social and psychological notion that tries to 
predict how individuals make decisions to adopt a new innovation (Rogers, 2002; Rogers and 
Shoemaker, 1971). Agarwal & Prasad (1998) adapted the concept and proposed a new construct to 
measure personal innovativeness as “the willingness of an individual to try out any new IT.” Since 
farmers participating in the current study do not have experience in using this specific mobile phone 
app, we’ve have included the IN construct in our model (Fig. 3-1). Moreover, it is well-known from the 
DIT that highly innovative individuals actively seek information about new technologies or ideas. They 
are able to cope with high levels of uncertainty and are more favourably inclined to accept a technology 
(Rogers, 2002). This leads to the following hypothesis: 
H6: Personal innovativeness in information technology (IN) positively affects behavioral intention (BI) 
to use a mobile phone app.  
Even though trust can be understood as a subjective belief, its effect as a construct on behavioral 
intention has gained support in the context of UTAUT and mobile payments (m-payments) explored 
along with risk (Baganzi and Lau, 2017; Bankole and Bankole, 2017; Duane et al., 2014; Slade et al., 
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2015). In contrast with Beza et al. (2018), this work explored trust concerning the app provider (or 
promoter) rather than trust in the tool or project. Then trust (TR) is defined as the extent to which the 
mobile phone app provider(s) is believed to want to do good for the farmer, apart from selfish motives. 
If a farmer believes the mobile phone app promoters (e.g. extension agent) care about his/her interests, 
the mobile phone app provider is seen as displaying benevolence toward the farmer (Mayer et al. 
1995). The probability of farmers’ sharing their agronomic information is highly dependent on the 
trustworthiness of the party (i.e., "trustees” such as agronomic experts, researchers, and research 
institutes). Hence, we formulated the following hypothesis: 
H7: Trust (TR) positively affects behavioral intention (BI) to use a mobile phone app. 
The trust construct along with the connectedness to an innovation hub moderator variable are used 
to add the role of the extension services as providers and disseminators of the app technology and to 
explore in general the enabling environment in which an app is being developed and pilot-tested to 
target early adopters. 
Lastly, the MAG is based on the Goal Orientation Theory which articulates that the main goal people 
can pursue while performing a task is that of mastery (Nicholls, 1984), and to understand something 
new or to improve their level of know-how (Yi and Hwang, 2003). The MAG has been extensively 
explored in the context of learning and education (Day et al., 2003). The livelihoods of most 
smallholder farmers depend on farming, so they will always look for ways, skills and knowledge to 
improve agricultural productivity. Farmers with a mastery goal will be expected to use the mobile 
phone app to acquire new skills and knowledge, leading to the following hypothesis: 
H5: A mastery goal orientation positively affects behavioral intention (BI) to use a mobile phone app. 
In addition, sociopsychological research relates farmers’ intrinsic motivation to the decision to 
participate in extension/education activities such as motivational orientation (Charatsari et al., 2017). 
This is an interesting proposition to explore the links between farmer motivation to learn and explore 
new technologies and the (farmer’s perception of the) app as such and its context. 
As most farmers do not have experience with the use of these type of mobile phone apps, 
experience was not included as a moderator. Instead, we hypothesize that the connection with the 
innovation hub brokered by CIMMYT in Guanajuato (Section 3.1), moderates the effects of UTAUT 
constructs and additional constructs due to the development of a conducive environment for 
innovation and decision making.  
We hypothesize that age moderates the effects of UTAUT constructs (PE, EE, SI, FC) on behavioral 
intention (Venkatesh et al., 2012; Venkatesh et al., 2003). The effect of effort expectancy (EE) and 
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facilitating conditions (FC) on behavioral intention are expected to be stronger for older farmers. The 
effect of performance expectancy (PE) is expected to be stronger for younger farmers. Lastly, the effect 
of social influence (SI) is expected to be stronger for older and experienced farmers. The added 
constructs (IN, TR, MAG) could also be influenced by age and connection to an innovation hub, but 
only MAG was included in the multi-group analysis, as we explain below. 
 
 
Figure 3-2: Conceptual model of the UTAUT affecting farmers’ intention to adopt an app 
The dotted lines show a moderation effect of Connection to an Innovation Hub on PE, FC, SI and 















3.1 Research context  
The study area is the state of Guanajuato is divided in 46 municipalities with 5.8 million inhabitants 
in total. Agriculture is important in the Mexican state of Guanajuato, with 31% of its area dedicated to 
agriculture (GCMA, 2020) and areas such as the Bajío region became important for agriculture and 
livestock. Around 85% of its harvested area is sown to beans and cereal grains including sorghum, 
wheat, maize, and barley (FAO website). Guanajuato had the highest agricultural production in the 
country in 2019, with sorghum yields barely at the national level and the second highest yields for 
wheat (6.8 t/ha) just after Sonora state (6.9 t/ha). At nearly 12 t/ha, the state’s average maize yields 
are among the highest in Mexico (“Avance de Siembras por cultivo,” SIAP website 
2019_Irrigated+temporal_AgriculturalYear2019).  
CIMMYT has been working on innovation in agri-food systems in Mexico for the past decade, 
funded through partnerships with several actors, of which the Government of Mexico has been the 
largest funder, both at the federal level through the Ministry of Agriculture and at the state level in 
Guanajuato. Work takes place through 12 innovation hubs located strategically throughout Mexico; 
the hubs seek to integrate farmers and local and regional value-chain actors for maize- and wheat-
based farming systems (Camacho-Villa et al., 2016; Gardeazabal et al., 2021). This study is building on 
the work in the hub in Guanajuato. The hubs comprise research platforms, demonstration modules, 
and extension and impact areas. The research platforms carry out joint research with local institutes, 
as well as generating and sharing new knowledge and adapting farming innovations for their specific 
areas. The demonstration modules are on farmers’ land and involve side-by-side fields managed using 
new technologies or conventional practices, for comparison. Module outcomes are often feedback to 
research platforms and allow for farmer-to-farmer interaction and sharing, with the aim to drive 
adoption, to have local impacts, and to scale useful innovations. Extension areas are parcels where 
farmers have applied learnings from demonstration modules. Impact areas finally are defined as places 
where farmers who are not directly connected to the hubs have adopted the program’s innovations 
(Deschamps-Solorzano, 2016 p. 69-71).  
Created in 2017 and currently in a second phase of development by the International Institute of 
Applied Systems Analysis (IIASA-Austria), the AgroTutor mobile phone application is a pilot project of 
CIMMYT that is being tested in Guanajuato, Mexico. The app provides farmers with access to best 
practices and geo-referenced and timely information about fields and crops, including benchmarking 
data for crop placement, timely agronomical recommendations (i.e. optimizing use of fertilizers), 
potential yield and financial benchmarking information (i.e. prices and costs), historical and forecasted 
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weather data, and other expert sources of agricultural information in the region. Farmers can also 
provide their own information regarding soils, management and yields, for use in crop models and for 




Figure 3-3: AgroTutor app main activities and cloud services for small scale farmers 
Extracted from App website,  CIMMYT WebCast. Details of integrated analytics: Appendix 3.A 
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3.2 Data collection, sampling and measurement tool  
In 2019, a survey through face-to-face interviews with farmers in the El Bajío region of Guanajuato 
was conducted using the GeoODK mobile phone app, an open-source tool. A database (2014-2019) of 
presumably active farmers in the Innovation hub within its correspondent municipalities across the 
state of Guanajuato was used to select the respondents and comprised two stages. First, a random 
sampling over the database (2014-2019) of presumably active farmers in the Innovation hub with the 
its correspondent municipalities across the state of Guanajuato. A similar number of non-connected 
to the hub farmers were approached and interviewed. In some cases, we learnt that the farmer passed 
away or couldn’t be reached after several attempts. Then, another farmer connected to the innovation 
hub in the same municipality was surveyed. Two municipalities were removed from the sampling 
frame because of security reasons, a result of increased drug cartels activity in the region. The second 
stage of the sampling comprise farmers not connected to the innovation hub, in the same 
municipalities, approached at meeting points (while they were waiting in a que) or before events in 
the region (association, presentation of agricultural products, etc.). Around one out of two non-
connected to the hub farmers approached accepted to take the survey. A total of 394 responses were 
obtained (205 from MasAgro-connected farmers and 189 from non-connected farmers), with no 
missing values. We obtained prior informed verbal consent from all respondents and no personal data 
were gathered. 
Farmers were surveyed using standardized questions based on Beza et al. (2018) and Venkatesh et 
al. (2003) with sections covering general information and demographic characteristics, their history of 
use of mobile phones to access agronomic data and recommendations, and questions of the model 
used. An introductory text made clear that the questions were related to the potential use of a mobile 
phone app to access agricultural data (Appendix 3.B – Questionnaire). All farmers viewed a short video 
describing the app and its salient features, prior to responding to the measurement items. Each 
construct was based on three-to-five items as recommended by Hair et al., (2014). A total of 30 
measurement items adapted from prior studies were carefully rephrased for the context of agriculture-
related mobile phone app (Appendix 3.C) with response selections on a seven-point Likert scale ranging 
from “Totally disagree” (1) to “Totally agree” (7). The surveys were pilot tested with farmers, extension 
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3.3 Estimation techniques and data analysis  
Statistical analyses were performed using the lavaan R package (Rosseel, 2012) and SPSS. 
Demographic data were first analysed using descriptive statistics. Then a covariance-based type of 
Structural Equation Modelling (SEM) was conducted to test the model presented in Fig. 1. A structural 
equation model  is a set of statistical models that seek to explain the relationships between multiple 
variables; it was used because it allows to simultaneously analyse all relationships, combining multiple 
regression with factor analysis, while allowing for both observed and latent variables to be analysed 
together (Hair et al., 2014). First, a confirmatory factor analysis (CFA) was conducted using Maximum 
Likelihood Estimation to examine reliability and validity of our measurement model. Second, we 
evaluated the path analysis of the structural model estimates to test the significance of our hypotheses 
and the predictive items of the proposed model. Prior to assessing the measurement and structural 
models, Common Method Variance (CMV) and multi collinearity were tested. To check for common 
method bias, the Harman (1976) single factor test was employed iteratively in SPSS. Result showed 
that all factor(s) accounted for <50% of the variance. Hence no factor was found to account for most 
of the variance in the variables, confirming that the common method variance is not a concern in the 
data. To test multicollinearity, Variance Inflation Factors (VIFs) and tolerance were computed in R for 
the constructs and they were found to be less than the threshold of 5 and greater than 0.1 respectively, 
suggesting that multicollinearity was not a major issue in our study (Hair et al., 2014).  
The general fit of the measurement and structural models were assessed using a combination of 
absolute and relative indexes: normed chi-square (CMIN/DF), Adjusted Goodness-of-Fit Index (AGFI), 
Comparative Fit Index (CFI) or the Tucker Lewis index (TLI), and Root Mean Square Error of 
Approximation (RMSEA). For both the measurement and structural models to have sufficiently good 
fit, based on the sample size these measures needed to be <3, ≥0.8, ≥0.92 or 0.94, and ≤0.7 respectively 
(Hair et al., 2014; Hu and Bentler, 2009). For the structural model, the strength and significance of the 
relationship between each of the constructs and behavioral intention were assessed using 
standardized regression weights (SRW) and p-value (p < 0.05). Prior to the path analysis (hypotheses 
testing), the measurement model was also assessed for (i) construct reliability, (ii) indicator reliability, 
(iii) convergence validity, and (iv) discriminant validity. Construct reliability is a measure of the internal 
consistency of the measurement items and was assessed using composite reliability (CR) and 
Cronbach’s alpha values (Hair et al., 2014). The indicator reliability was evaluated based on factor 
loadings. Convergence validity measures whether items can effectively reflect their corresponding 
construct (i.e., converge on the intended construct), whereas discriminant validity measures whether 
two constructs are statistically and theoretically different (Hair et al., 2014).  Average variance 
extracted (AVE) was used as the criterion to assess convergence validity (Fornell and Larcker, 1981).  
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To examine discriminant validity, we used the Heterotrait-Monotrait Ratio (HTMT)  computed using 
lavaan in R (Rosseel, 2012).  
Finally, we conducted a multi-group analysis to assess the moderation effect of farmer’s age 
between UTAUT constructs and behavioral intention (Fig. 3-2). For the factor ‘age’, respondents were 
divided into two groups, based on the average age in the sample. Farmers under the median age 55 
years old (n = 201) were grouped as younger farmers and those of 55 years or older (n = 193) were 
designated as older farmers. ‘Gender’ as moderator variable in the UTAUT model was not further 
considered because very few female farmers participated in the study. As part of the analysis, 
measurement model invariance, which includes configural and metric invariance, was assessed 
following the three-step procedure presented in Steenkamp and Baumgartner (1998). Configural 
invariance checks if the factor structure is invariant across groups, indicating that participants from the 
different groups understand the constructs in the same way (Milfont and Fischer, 2010). Metric 
invariance tests if different groups respond to the items in the same way. That is, it checks if the 
strengths of the relationships between specific items and their respective underlying construct (i.e. 
factor loadings) are the same across groups (Milfont and Fischer, 2010).  
A detailed procedure followed on how to assess configural and metric invariance that can be found 
in Appendix 3.D. Fit indices for the fully constrained measurement model between younger and older 
farmers (CMIN/DF = 2.169; CFI = 0.932; RMSEA = 0.077), and between connected and non-connected 
farmers (CMIN/DF = 2.367; CFI = 0.926; RMSEA = 0.083; SRMR=064) were satisfactory. The results of 
the partial constrained measurement models were compared to those of the unconstrained multi-
group measurement models using a chi-square difference test. The chi-square difference test for the 
two groups was not significant, suggesting that partial metric invariance for the two groups was also 
met following Milfont and Fischer (2010). After assessing the criteria for both configural and partial 
metric invariance at the measurement model level, invariance analysis at the structural model level 
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4.1 Descriptive statistics 
The characteristics of the farmers surveyed in this study are presented in Table 3-1. Most 
respondents were male (94%) and 69% of the respondents were between 46 and 75 years old. This 
age distribution is coherent with the national survey of farmers by INEGI in 2017 in which 66.6%.  Most 
respondents own a mobile phone (82%) and 37% have started using a smartphone in the past 5 years 
(Table 3-2).  
Table 3-1 Demographic characteristic of the surveyed farmers 




Male 370 93.9 




16-30 17 4.3 
31-40 48 12.2 
41-50 74 18.8 
51-60 112 28.4 
60-70 86 21.8 




none 48 12.2 
Primary school 140 35.5 
Secondary school 130 33.0 




Single 53 13.5 
Married 336 85.3 
Co habitation 5 1.3 
 
The INEGI survey reports that at a national level 33% of the production units use information and 
communication technology for agricultural activities. The 90% of the INEGI surveyed production units 
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have a cell-phone/mobile phone. For Guanajuato it is reported that 50% use ICT and 90% of the 
production units owns a mobile phone (INEGI, 2017). This is comparable with the 82% observed in our 
sample (Table 3-2). 
Table 3-2 Distribution of mobile phone ownership and use by surveyed farmers 
Factor Frequency (394) % 
Own a mobile (all types) 
Yes 324 82.2 
- smartphone 181 
 
- feature phone 66 
 
- basic 77 
 
No 70 17. 8 
Years of using a smartphone   
0-5 years 147 37.3 
6-10 years 30  
11-15 years 4   
 
4.2 Evaluation of the measurement model  
The first fit of the measurement model that included all the items of the constructs was sufficient. 
The model fit indices resulted in a “good measurement model” (Hair et al., 2014) with the following 
index values: CMIN/DF: 2. 577; AGFI: 0.823; CFI: 0.941; and RMSEA: 0.063 (Table 3-2). The 
measurement model assessment of (i) construct reliability, (ii) indicator reliability, (iii) convergence 
validity, and (iv) discriminant validity is shown in Table 3. All the constructs showed composite 
reliability (CR) and Cronbach’s alpha values greater than 0.7, indicating that the construct’s reliability 
criterion was met (Hair et al., 2014). The factor loadings for all items were greater than the threshold 
value of 0.7, confirming a good indicator reliability of the instrument (Table 3-4). No items needed to 
be dropped because of low factor loading. The convergence validity was tested with the Average 
Variance Extracted (AVE) value (Fornell and Larcker, 1981); and all the constructs had an AVE greater 
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Table 3-3 Summary of fit indices for the measurement and structural models 
Model fit indices  Recommended value  Model results  Reference 
Normed chi-square (CMIN/DF)  <3  2.58 (Hair et al., 2014; Hu 
and Bentler, 2009) 
Comparative Fit Index (CFI)  Above 0.92 or 0.94 0.933 (Hair et al., 2014; Hu 
and Bentler, 2009) 
TLI (Tucker-Lewis Index) Above 0.92 or 0.94 0.932 (Hair et al., 2014) 
RNI Above 0.90 0.941 (Hair et al., 2014) 
SRMR 0.09 or less (with CFI 
above 0.92) 
0.052 (Hair et al., 2014) 
Root Mean Square Error of 
Approximation (RMSEA) 
Value <0.08 (with CFI of 
0.92) 
 
0.063 (Hair et al., 2014; Hu 
and Bentler, 2009) 
Adjusted Goodness-of-Fit Index (AGFI) >=0.8 0.823 (Hair et al., 2014) 
 
Discriminant validity can be derived from table 3-4, where the matrix shows the HTMT values 
between each pair of factors, which appear to be all below 0.9. The overall results indicated that the 
model had good indicator and construct reliability and convergence and discriminant validity, 
confirming that the constructs were statistically distinct and could be used to test the path analysis of 
the structural model. 
Table 3-4 Summary of reliability and validity measures of the measurement model 








BI 3 0.916 0.915 0.786 0.850-0.905 
PE 4 0.898 0.896 0.687 0.787-0.851 
EE 4 0.932 0.931 0.774 0.843-0.902 
FC 4 0.836 0.825 0.570 0.621-0.835 
SI 4 0.884 0.882 0.656 0.800-0.825 
TR 5 0.926 0.925 0.714 0.770-0.887 
MAG 3 0.913 0.913 0.777 0.867-0.895 






Table 3-5 A matrix showing HTMT values between each pair of factors 
 
BI PE EE FC SI TR MAG IN 
BI 1 
       
PE 0.845 1 
      
EE 0.629 0.547 1 
     
FC 0.792 0.651 0.878 1 
    
SI 0.709 0.695 0.551 0.728 1 
   
TR 0.483 0.457 0.386 0.484 0.617 1 
  
MAG 0.795 0.687 0.536 0.77 0.794 0.532 1 
 
IN 0.741 0.681 0.561 0.707 0.786 0.602 0.795 1 
 
4.3 Path analysis estimation and results 
After assessing the measurement model, the structural model (path analysis) was assessed. The 
overall model fit for the structural model was good (Table 3-3). Values of the indices CMIN/DF, CFI, TLI, 
RNI, SRMR, RMSEA and AGFI were almost the same as the measurement model. The path analysis 
showed that three hypotheses were supported (Table 3-6). Significant positive impacts on behavioral 
intention (BI) were found for performance expectancy (PE) (confirming H1), facilitating conditions (FC) 
(confirming H3) and mastery approach goals (MAG) (confirming H6). The two factors from the UTAUT 
model explained 25%, while adding the construct of mastery-approach goal increased this to 39.5% of 
the variance in farmers’ intention to adopt the app. Among the tested constructs (apart from the 
UTAUT) the mastery–approach goals (H6) had a significant impact on the intention to adopt the mobile 
phone app indicating that farmers believe that mastering the use of an app might help them to improve 
their level of competence and knowledge on agriculture (Cook and Artino, 2016).  
The finding of the relationship between performance expectancy with behavioral intention (H1) is 
consistent with earlier studies on mobile banking (Baptista and Oliveira 2015; Oliveira et al., 2014). For 
agriculture, studies also found the importance of performance expectancy on the intention of farmers 
to adopt decision support tools (Rose et al., 2016), mobile-based communication technologies for 
agricultural information (Engotoit et al., 2016) and SMS agricultural advice (Beza et al., 2018). This 
implies that farmers’ intentions to use apps will be strengthened if they believe that the apps offer 
greater performance in their daily agricultural activities. Moreover, 66% of the surveyed farmers 
selected from a list of potential benefits of an app the “faster way of getting information.”  
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Table 3-6 Summary of results of path analysis of the structural model 
Hypothesis Structural Path Estimates Result 
  
SRW  p-Value 
 
H1 PE → BI 0.500 0.00*** Supported 
H2 FC → BI 0.394 0.014* Supported 
H3 EE → BI -0.123 0.315 Not supported 
H4 SI → BI -0.076 0.277 Not supported 
H5 MAG → BI 0.228 0.007** Supported 
H6 IN → BI 0.065 0.358 Not supported 
H7 TR → BI 0.025 0.544 Not supported 
Significance codes: * at p < 0.05, ** at p < 0.01, *** at p < 0.001 Note: SRW=Standardized Regression Weight. 
BI=Behavioral intention, PE=Performance expectancy, EE=Effort expectancy, SI=Social influence, FC=Facilitating conditions, 
TR=Trust, MAG=Mastery approach goals, IN=Innovativeness. 
 
No significant relationships were observed between behavioral intention and the other constructs 
implying that hypotheses (H3, H4, H6, H7) could not be supported and were not found to predict the 
behavioral intention to use an app significantly. The lack of effect of effort expectancy implies that 
farmers might not find the effort required to use the mobile phone app important in their intention to 
adopt. This can be partially explained by the ubiquitous presence of cell phones with 46% of the sample 
owning a smartphone, see Table 3-2). Hence the ease-of-use seems of low importance for farmers 
already familiar with apps for instant messaging. As ‘connected farmers’ in the current study are 
participants of the same program it was anticipated that social influence would positively affect 
behavioral intention to adopt the app, but this was not the case nor was it the case in a previous study 
on SMS use (Beza et al., 2018). This implies that farmers will not simply adopt a technology influenced 
by its social environment (e.g. friends or neighbours). The lack of social influence can be also explained 
due to the specificity of the construct; the app is just mentioned in a general way rather than repeating 
that it refers to an agricultural app providing advice.  
An effect of personal innovativeness was expected as the farmers willing to participate in the hub 
are innovative or cooperative leaders who have joined the program voluntarily (Deschamps-Solorzano, 
2016 p.70). However, within this group no effect of personal innovativeness (H7) on the intention to 
adopt was revealed. In general, this implies that in this context the willingness of an individual to try 
out new technologies does not affect the adoption of the mobile phone app.  
Unlike in previous studies on SMS services (Beza et al., 2018) and Decision Support Tools (Rose et 
al., 2016) already being launched and used by farmers, trust in this study was not found as significant 
factor. The low influence of trust on the intention might be partially explained because, contrary to 
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those studies, the provision channel (e.g. extension agent) promoting the use of the app is not yet 
implemented fully in the region. This might change when the last version of the mobile phone app is 
launched and the provision channel begins to promote it with the specific features, recommendations 
and data sharing characteristics.  
4.4 Multi-group analysis  
The assumption of full metric variance was tested but could not be met. Modification indices were 
calculated to test for any linear constraints that could be relaxed to improve the model fit whilst 
accounting for changes in all the parameters. By leaving two item loadings unconstrained for a non-
significant path (SI), acceptable model fits were obtained for the partial metric invariance models (all 
ΔCFI < 0.01). Partial metric invariance is the minimum criterion required (Vandenberg & Lance, 2000). 
This indicated that the latent variables had the same meaning across groups and that SEM analysis 
could be performed on the pooled sample. Only when configural and partial metric invariance at the 
measurement model level were established, multi-group analyses were conducted at the structural 
level. Because no hypotheses were available for the added constructs (IN, TR), the included variables 
were limited to the ones from UTAUT plus mastery-approach goals (MAG). 
Results of the moderator effect of age revealed that performance expectancy is more important 
for older farmers (Table 3-7) as it shows a significantly higher effect of performance expectancy on 
behavioral intention. Similarly, the effect of facilitating conditions was significant only for older 
farmers. On the contrary, the effect of mastery-approach goals on behavioral intention was significant 
for younger farmers but not for older farmers. As for the multigroup analysis, performance expectancy 
was more important for non-connected farmers (Table 3-8). The influence of MAG on the intention of 
younger and non-connected farmers to adopt sheds light on the type of utilitarian benefit to reach 
those farmers who are not connected to the hub yet (Table 3-8). Utility refers to the usefulness or 
value that consumers experience from a product or service. Examples of utilitarian benefit might be 
special access to trainings and capacity building in their regions.  
The MAG seems to have an effect only on non-connected farmers, while facilitating conditions 
seems to have an effect only for connected farmers (Table 3-8). Therefore, the different groups might 
need different stimuli for an initial adoption once the app is rolled-out. Finally, for new and non-
connected participants’ engagement, focusing on performance expectancy might be a suitable 
strategy for initially adopt the app. Results showed that the effect of performance expectancy on 
behavioral intention was significantly higher for non-connected farmers (Table 3-8). The standardized 
regression weights (SRW) revealed that the mastery approach goal was significant only for non-
connected farmers.  
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Table 3-7 Multi-group analysis for younger and older farmers 
Hypothesis Structural Path Younger farmers Older farmers  
  
SRW  p-Value SRW p-Value 
H1 PE → BI 0.469 *** 0.690 *** 
H2 FC → BI 0.199 0.338 0.946 0.019* 
H3 EE → BI 0.018 0.905 -0.358 0.119 
H4 SI → BI 0.019 0.884 -0.078 0.566 
H5 MAG → BI 0.431 0.002** 0.125 0.457 
Significance codes: * at p < 0.05, ** at p < 0.01, *** at p < 0.001 Note: SRW=Standardized Regression Weight.  
BI=Behavioral intention, PE=Performance expectancy, EE=Effort expectancy, SI=Social influence, FC=Facilitating conditions, 
MAG=Mastery approach goals  
 
Table 3-8 Multiple-group analysis for nonconnected and connected farmers 
Hypothesis Structural path  non-connected farmers connected farmers 
  
 SRW  p-Value SRW p-Value 
H1 PE → BI  0.716 *** 0.485 *** 
H2 FC → BI  0.418 0.221 0.622 0.027* 
H3 EE → BI  -0.171 0.393 -0.087 0.61 
H4 SI → BI  -0.258 0.079 0.079 0.462 
H6 MAG → BI  0.485 0.004** 0.195 0.126 
Significance codes: * at p < 0.05, ** at p < 0.01, *** at p < 0.001 Note: SRW=Standardized Regression Weight.  
BI=Behavioral intention, PE=Performance expectancy, EE=Effort expectancy, SI=Social influence, FC=Facilitating conditions, 













5.1 For the designers, developers and project managers 
Design-thinking principles have been applied and adapted  by CIMMIYT when creating innovation 
hubs (Liedtka et al., 2017). The prototyping phase is crucial to gain early insights before a solution is 
launched, “the sooner you put it in front of participants to react to, the faster you’ll get to a value-
added solution.” Amongst the factors revealed, performance expectancy is the strongest predictor of 
farmers’ intention to adopt and the proposed agricultural information app. This signals that, to 
promote this kind of mobile phone apps for decision support in the agricultural domain, focusing on 
the performance expectancy through different approaches such as user engagement is worth 
exploring further. Development of a digital decision support tool requires early and ongoing 
interactions with targeted users to map app performance, objectives and preferences, ensure 
reliability of scientific input, and optimize the user experience (Eichler Inwood and Dale, 2019). Harris 
and Achora (2018) listed challenges and proposed solutions for ICT-based agriculture implementations 
such as provision of offline features, timely and relevant advice and integration of different 
appropriate delivery channels (e.g. SMS, Interactive voice Response – IVR). The rapid changes in these 
technologies also change the way that decision support systems are being designed and will be used. 
Therefore, researchers need to adapt and extend current adoption models such as the UTAUT further 
integrating socio-psychological approaches. For future phases, the continuous application of farmer-
centred design connecting with their needs might tackle observed low user adoption and can increase 
the chances of launching a decision support service. Moreover, like the “facilitating conditions” 
construct, previous studies had highlighted the importance of interoperability and compatibility with 
existing infrastructures. In other words, considering the existing information ecosystem of farmers. In 
this respect, the mobile phone app can be integrated, for example, with previous efforts such as the 
SMS service MasAgro Móvil. MasAgro Móvil uses the Extensio platform (previously Esoko), to send 
text messages to the hub network with information about prices, weather and general advices on 
conservation agriculture practices (Deschamps-Solorzano, 2016). Other existing information channels 
that could be integrated are through the fertilizer distributors, social media or Instant messaging apps 
and groups. Consideration of the existing, mostly informal settings, and further building on that can 
increase the possibilities for the adoption of solutions (Doorneweert et al., 2014).  
Given that performance expectancy and facilitating conditions significantly predicted farmers’ 
behavioral intention to adopt the studied app, project managers might ensure that the app offers 
utilitarian benefits to the farmers such as actual payment in phone credit (Minet et al., 2017) and that 
the technical infrastructure exists to help them to use it. Examples of this are the offline features being 
developed by AgroTutor’ developers to cope with unreliable internet connection in rural areas and the 
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potential support of extension agents in early stages of usage. Moreover, the difference in the 
importance of mastery-approach goals (MAG) between farmers connected and not connected to the 
hub indicates a heterogeneity level of farmers profiles even in the same region. Hence, different 
utilitarian benefits need to be designed to promote adoption in each group. Another enabling 
environment element is mutual trust, it is considered a best practice despite not being observed in the 
present work. This is already the case for the innovation hubs, but special attention needs to be taken 
when bringing new stakeholders to the initiative. Not only working with local institutes that have been 
already accepted but also stimulating them to co-design the app could be a way to establish initial trust 
between farmers and the initiative.  
5.2 Limitations 
Despite its contributions regarding aspects that are important for farmers to adopt a mobile phone 
app to provide agricultural-related information about crops, some limitations merit discussion. First, 
the factors important for technology adoption might differ from location to location, so assessing the 
validity of this model with farmers across different cultures both in developed and developing 
countries would be theoretically and practically useful. By the same token, our findings are specific for 
a certain part of Mexico and the context can be very different in other areas (e.g., areas with lower 
literacy and less smart-phone adoption). Therefore, care must be taken before generalizing to other 
geographies with other ICT infrastructures. Moreover, the study does not claim to statistically 
represent farmers in Mexico (nor in terms of gender and, nor geographically). It would be interesting 
to test the model with more female farmers and in other parts of Mexico. Secondly, since most of the 
farmers in this study had not used the mobile phone app, we did not examine the effect of behavioral 
intention on the use behavior. Therefore, it is recommended that future research includes the 
examination of the effect of behavioral intention on farmers’ actual use behavior. Additional research 
would also allow assessing if the importance of the constructs would change over time or contexts. For 
example, the effect of trust on farmers’ behavioral intention to use the mobile phone app might 
become important when the information is being shared with particular organizations, including 
companies, along with the perceived risk associated with use (Bankole and Bankole, 2017; Shaikh and 








Agricultural mobile phone applications can provide tailor-made agronomic advice to small-scale 
farmers, who are often - excluded from precision agriculture developments, while at the same time 
contributing to Citizen Science applications promoting sustainable agricultural intensification. In this 
study we extended the commonly used UTAUT framework to reveal the main socio-psychological 
determinants of Mexican farmers’ intention to adopt agricultural apps including understudied farmers’ 
intrinsic motivations. Performance expectancy was found to be the strongest predictor of farmers’ 
intention to adopt an app to provide agricultural information. This clearly highlights the importance of 
understanding the benefits perceived by farmers. Thus, managers of agricultural projects aiming to 
deploy mobile phone apps need to ensure that their use for data collection offers benefits to farmers, 
such as mobile credit compensations.  
Mastery-approach goals (MAG) were found significant, it revealed a baseline of farmers’ intrinsic 
motivation (‘why’ are they motivated to use it in the first place) independently of the content of the 
application. This is of special interest for farmers’ initial decision, their readiness to learn and master 
the use of an app providing agricultural information. As well, these results motivate to explore further 
how non-financial incentives such as access to training during the rolling out of the app might promote 
its uptake. In addition, younger farmers with a mastery goal orientation can also be targeted in early 
stages of the app roll-out as they are expected to use the mobile phone app to acquire new skills and 
knowledge. The app then needs to be accompanied by facilitating and basic conditions, such as access 
to a smartphone and reliable internet access.  It was revealed that performance expectancy was 
important both for farmers connected and non-connected to the innovation hubs, and for both older 
and younger farmers. According to the results of the study, the ‘connectedness to an innovation hub’ 
in the region has a moderator effect on the intention to adopt. Future research should focus on ways 
to complementarily assess the farmers’ perception of the enabling innovation environment relevant 
to research-and-development efforts.  For example, research in the areas of the Agricultural 
Innovation System can be a way forward. Finally, the study should be validated and extended to other 
geographical areas in Mexico and South America, since the magnitude of factors could differ, and it is 
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This chapter is based on:  
Molina-Maturano, J. et al. Farmers’ preferences for data sharing data in a mobile phone app: 





Mobile phone apps can be a cost-effective way to provide decision support tools to farmers, while 
supporting data collection. The digitization of agricultural systems, and the efforts to close the digital 
divide and to include smallholders make data ownership and privacy issues more relevant than ever 
before. In Central and South-American countries, smallholder’ preferences regarding data licenses and 
sharing have largely been ignored and little attention has been paid to nonfinancial incentives for the 
uptake of digital solutions and participation by farmers. To investigate smallholder farmers’ 
preferences for nonfinancial incentives to use an advisory app in which they share their data, a Discrete 
Choice Experiment was designed. Based on a survey of 392 farmers in Mexico, preferences for 
attributes related to its usage were revealed using a conditional logit (CL) model. To explore 
heterogeneity, groups and profiles are explored through a latent class (LC) model. The CL model results 
revealed farmers’ positive sign to receive support at first use and access to trainings; while negative 
sign was found for sharing data with private actors. Results from the LC model demonstrate differences 
of preference when farmer’s connectedness to an innovation hub and mastery approach goals 
variables are considered. Furthermore, results show that those farmers who are part of an innovation 
hub and who receive regular extension services are less likely to have aversion against data sharing. 
The main contribution of the study is that it shows the importance of nonfinancial incentives and the 










Keywords: discrete choice experiment, smallholder farmer, innovation hub, data ownership, 
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 Mobile phone apps are often considered as a cost-effective way for providing tailormade apps to 
farmers (e.g. through agricultural advice helplines, SMS and apps, weather forecasts, market 
information, and mobile finance) while support the collection of more comprehensive and accurate 
statistics (e.g. crop yields, soil information) (Beza et al., 2018; Chirkov et al., 2016; Emeana et al., 2020). 
Thus far the potential of information and communication technologies (ICT) for agricultural extension 
is not fully realized. Pushing certain technologies, rather than responding to the particular 
communication challenges of end users is one important cause of that (Steinke et al., 2020). Therefore, 
further research for ICT and agricultural extension in the global south rests on strong user-centredness 
and problem-orientation (Steinke et al., 2020). Even if the collection and use of farm-level data can 
improve smallholder farmers’ access to services,  there are still concerns around the access, control 
and use of data that could lead to smallholder exclusion from benefits (Kos and Kloppenburg, 2019).  
 Recently, there has been growing interest in the study of the social implications of digital farming 
in general, and in data ownership and sharing in particular (Klerkx et al., 2019). The lack of trust 
between the farmers as data contributors, and those third parties who collect, aggregate and share 
their data was identified as a concern among smart farming and big data participants (Wiseman and 
Sanderson, 2019). Procedural concerns about transparency and who will benefit from access to and 
use of farmers’ data are shown as well as concerns related to trust among participants. Trust in this 
chapter is outlined differently from the construct in chapter 3. Instead of focusing on trust in the 
provision channel, trust in chapter 4 refers to the data sharing processes. In other words, trust in the 
sharing preferences of the data entered in the app by farmers. A recent study explored whether 
farmers are interested in joining a big data platform and, if so, what elements of the platform such as 
financial utilities would maximize their participation (Turland and Slade, 2020; Wolfert et al., 2017). It 
was found that relatively small financial and nonfinancial benefits increased participation, even among 
farmers who stated strong privacy preferences (Turland and Slade, 2020). Financial incentives refer to 
monetary benefits that are offered to farmers to encourage certain behaviour, changes or actions. 
Partly covering data connection cost or payments for data sharing can act as financial incentive for 
stimulating famers’ uptake or to remove barriers. A review of digital applications for agricultural 
purposes have pointed that data privacy and incentives might be factors preventing farmers’ 
participation (Minet et al., 2017). However, knowledge is still limited about the incentives and benefits 
expected by farmers from mobile phone services (Baumüller, 2018; Emeana et al., 2020). Therefore, it 
is relevant to study farmers’ preferences for who accesses their data; and farmers’ motivation to then 





Discrete choice experiments (DCE) are suitable methods to elicit preferences for product 
characteristics when a product is new or not yet commercially available (Mangham et al., 2009). DCE 
are not new in agriculture and have been applied to explore preferences, risks and incentives for 
adoption of new agricultural practices (Kragt and Llewellyn, 2014; Schaafsma et al., 2019; Steinke and 
van Etten, 2017; Tur-Cardona et al., 2018). Nevertheless, these studies have focused on defining 
farmers’ willingness to pay or assess financial utilities for a specific technology or practice rather than 
nonfinancial utilities which are being reported to be context-dependent (Baumüller, 2018; Beza et al., 
2018; Oyinbo et al., 2018). Only one study has so far applied a DCE to explore farmers stated 
preferences for site-specific advice in an ICT-based extension tool (Oyinbo et al., 2018).  
Receiving agronomic advice, capacity building and seed innovation have been reported as examples of 
most needed incentives (Beza et al., 2017). Even if an app is technically feasible and provides tailor-
made and timely advice, farmers in constraint-based regions might require nonfinancial incentives to 
use it (Beza et al., 2017). Hence, advancing the knowledge on farmers’ motivations and preferences 
for non-monetary incentives could help to increase smallholder farmers intention to use apps, 
especially in constraint-based contexts, where financial incentives are often not an option. This is 
particularly the case with apps being developed by research-for-development agencies or institutes 
working in understudied geographical areas such as Central and South America. This is the first study 
to ever applied a utility model to study farmers’ data sharing in the context of smartphones apps in an 
overlooked geographical area. The study location is relevant due to its high mobile adoption rates: by 
2025 at least 75% of the population win Mexico will adopt and use a smartphone (GSMA, 2019). 
Moreover, ICT innovations in the agricultural sector are gaining attention in Mexico from government 
agencies supporting the development of mobile phone apps to connect farmers with buyers or to 
deliver advice on crop production to B-corporations such as “Extensio platform” (Esoko before) which 
provides content to Mexican farmers through SMS, a call centre and a smartphone app. Against this 
background, the present study can applying a Discrete Choice Experiment (DCE) to analyse farmers' 
preferences for data sharing and nonfinancial incentives when introducing an app in a constraint-based 
setting. The current study can provide insights to support developers of DST apps as well as research-
for-development practitioners and decision makers in the field of digitization in agriculture. The focus 
is on a newly developed app called AgroTutor (Laso Bayas et al., 2020), which is developed for 
extension in Mexico. Specifically, this study examines the nonfinancial incentives under the form of 
access to trainings and getting support at first time use. It also considers whether farmers are open to 
share their farm data with other farmers, government and research institutes and private companies. 
Heterogeneity within the farming population is also considered to support better targeting by applying 
a latent class (LC) model. 
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2.1 The AgroTutor app 
Created in 2017 and currently in a second phase of development along with the International Institute 
of Applied Systems Analysis (IIASA-Austria), the AgroTutor mobile phone application is a pilot project 
of CIMMYT that is being tested in the state of Guanajuato in central Mexico. The app provides farmers 
with access to best practices, and geo-referenced timely information about fields and crops, including 
benchmarking data for crop placement, agronomical recommendations (i.e. optimizing use of 
fertilizers), potential yield and financial benchmarking information (i.e. prices and costs), historical and 
forecasted weather data, and other expert sources of agricultural information in the region (Fig. 3-3, 
Appendix 3.A). Farmers can also provide their own information regarding soils, management and yields, 
for use in crop models and for generating improved recommendations (Laso Bayas et al., 2020). This 
study builds upon the work in the hub in Guanajuato and app usage data gathered in the last decades.  
2.2 Models’ description 
Discrete Choice experiments (DCE) allow the ex-ante determination of preferences (Hoyos, 2010), 
they present respondents with a choice between two or more alternatives described by pre-
established attributes. In this case, attributes simulate different configurations which the AgroTutor 
app could take when launched. The method is in accordance with the theory of random utility and the 
Lancaster (1966) attribute theory of value, which states that a good can be described as consisting of 
a bundle of characteristics at certain levels. It stated that utility is not derived from the good as such, 
but rather from the specific attributes. The theory of random utility elucidates that people decide in 
favour of the one option providing them with highest utility when presented with two or more options. 
Two models were applied and described in the following section. 
2.2.1 Conditional logit  
In a first step, a conditional logit was used to analyse the key attributes. The conditional logit 
analysis is the traditional model for the analysis of DCE, explaining the preference of individuals based 
on the attributes in the choice cards and assuming homogeneous preferences among respondents 
(Hensher et al., 2005). Formally, as proposed by McFadden (1973) the utility that each individual or 
respondent obtained from an alternative  is the sum of the individual characteristics: 




The probability of choosing one alternative over another depends on the value of the utility. When the 
utility of alternative i is greater than the utility assigned to other alternatives, the alternative i will be 
chosen:   
Probi = Prob (Ui ≥ Uj ) ∀ j ∈ j = 1, . . . , J ; i _= j )                                        Eq(2) 
2.2.2 Latent class model  
In a second step, we explore the heterogeneity between groups of respondents using a Latent Class 
(LC) analysis. The latent class (LC) model captures the heterogeneity of respondents by dividing 
respondents in different groups or classes (Birol et al., 2006). The number of classes is determined 
endogenously. Respondents are assigned to a latent class or group with homogeneous preferences, 
but the observations belonging to each group are not revealed to the analyst. In this paper we use a 
standard LC model specification which assumes the random utility theory (Greene and Hensher, 
2002).Thus, the utility function of each individual i that belongs to a latent class c is:  
𝑈𝑗𝑖𝑡|𝑐  = 𝛽𝑐′𝑥𝑗𝑖𝑡 +  𝜀𝑗𝑖𝑡                                                                                                                              Eq (3)  
where the utility is a function of β parameter estimates and the attributes composing the alternative. 
For each class, class specific parameters βc will be estimated, together with for each individual a set of 
probabilities of belonging to a certain class. In each class, the choice probabilities are defined as:  
Prob[yit=j|class=c]=
exp (𝛽′𝑐𝑥𝑗𝑖𝑡  )
∑ exp (𝛽′𝑐𝑥𝑗𝑖𝑡  )
𝐽𝑖
𝑗=1
                Eq(4) 
Presence in a determined class with specific preferences is probabilistic. The probabilities can be 
specified in function of individual characteristics zi, such as economic and attitudinal characteristics of 
the respondents. Then, the class probabilities will be a function of class parameters θc, in respect to a 
reference class:   
Prob[class=c]=
exp (𝜃′𝑐𝑧𝑖  )
∑ exp (𝜃′𝑐𝑧𝑖  )
𝐽𝑖
𝑗=1
                    Eq(5)   
The unconditional probability that any randomly selected respondent chooses an alternative, is 
obtained by combining the conditional probability in (4) with the class membership probability in (5), 
resulting in the following equation:  
Prob (yit=j)=∑ Prob(class = c)𝐶𝑐=1
exp (𝛽′𝑐𝑥𝑗𝑖𝑡  )
∑ exp (𝛽′𝑐𝑥𝑗𝑖𝑡  )
𝐽𝑖
𝑗=1
                                                        Eq(6) 
 
Evaluating farmers’ preferences   
87 
The optimal number of classes is determined based on the pseudo R2, Akaike Information Criterion 
and the Bayesian Information Criterion (Colombo et al., 2009; Ruto et al., 2007). The LC model provides 
evidence for systematic heterogeneity in the preference structure of farmers. To estimate this 
heterogeneity, the LC model was run several times with an increasing number of classes and different 
combinations of class membership variables. The alternative specific constant (ASC) is a dummy 
variable attached to the opt-out option in the choice cards. It is a dummy variable with the value 1 
associated to the choice for the 3rd alternative (opt-out) and a 0 when alternative 1 and 2 are chosen. 
2.2.3 Attributes and levels  
A standard set of stages were followed to design the DCE (Hoyos, 2010). The first stage is to select 
relevant attributes for the usage of an app. Respondents watched a short video about its features, and 
then were asked to choose between two sets of usage options combining attributes (Table 1). The 
attributes were identified based on literature review and consultation with CIMMYT experts, individual 
interviews with extension agents and farmers, and a participatory workshop with both extension 
agents and farmers in the region. The attribute characteristics were related to the different 
requirements of farmers for using this app. The second stage aimed to assign key attribute levels. Even 
though there is no common agreement on the number of levels, levels should reflect a realistic and 
feasible scenario (Mangham et al., 2009). Six attributes were identified at this stage and the levels are 
described below and summarized in Table 4-1. A detailed description and references used can be found 
in Appendix 4.A. 
• “Support at first time use” refers to the support provided by an extension agent to the farmer 
to introduce the app and showing how it works. The “input time” attribute considers the time 
spent learning how to use the app.  
•  “Data input requirements” refers to the minimum required frequency with which a farmer 
needs to register or update information in the mobile phone app. This attribute was relevant 
to gain insights in the preferences to update information in the app. If the minimum required 
is perceived by the farmers as easy to comply with, it may incentivize participation. 
•  “Data-usage cost” is the cost of internet data-usage every time the farmer accesses the app. 
Three levels were proposed based on a cost calculation (Appendix 4.A): 0 MXN, 5 MXN and 10 
MXN. The 0 MNX level is as an option for offer offline features too. The cost-benefit perceived 
by the farmers may be a factor or barrier to farmer participation or continuous usage. 
•  “Access to trainings” refers to a nonfinancial utility or compensation for the use of the mobile 
phone application through special access to trainings and capacity building events in their 




building as compensation (nonfinancial utility) and whether this will motivate farmers’ 
preference for the use of the mobile phone app. 
•  “Access to shared data” refers to which actors the farmer prefers that will have access to the 
information registered in the app. Four levels are targeted: Only me, everyone including peers, 
Research institutions and Government, Private companies. Research institutes and 
government are combined due to the nature of the case study in which the institute 
developing the app works closely with the government in the region (Section 2.1).  
• “Replacing extension services visits” considers the scenarios in which the extension agents 
keep visiting the farmers or not. The attribute is important to examine whether the app might 
replace the visits.  
Table 4-1: Attributes and levels for the choice experiment on an app for farmers 
Attribute Definitions Attribute levels 
Support at first time use  Whether farmers use the app by 
themselves or with an extension 
agent’s help  
- Get support from an extensionist 
- Do-it-yourself  
 
Data input requirements 
 
How often farmers are expected to 
enter or update information 
- No requirement 
- Once every 2 weeks  
- Once every 2 months 
- Once every production cycle 
 
Data-usage cost Cost associated to the internet data 
spent on accessing and conducting 
basic tasks in the app (each time app 
is accessed). 
 
- 0 MXN 
- 5 MXN 
- 10 MXN 
Access to trainings  Special access to trainings and 
capacity building events in their 
region, in exchange for using the app. 
A nonfinancial incentive 
 
- Special access 
- No special access 
 
Access to shared data  To which extent the data recorded in 
the app is accessible to others apart 
from the user farmer. 
- Only me 
- All other farmers 
- Research institutions and Government 




Whether the farmer prefers to keep 
(or not) the extension services visits. 
 
- Extension service continues to visit 
- No regular extension service visits 
 
 
The third stage in the DCE methodology is designing the choice set. A choice set is a group of 
hypothetical alternatives constructed through experimental design. The design is a D-efficient design 
assuming priors for the different attributes according to theoretical expectations from literature which 
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generates a sample of the full design in such way that the most important effects can be estimated 
(Alpizar et al., 2003; Mangham et al., 2009). While it is then recommended to run a pretest of the 
choice experiment and use the first results as priors to improve the design, the planning of the data 
collection did not allow for this. The full factorial design consists of 23 42 31 (= 384) alternatives. 
Representing all possible combinations of these scenarios, would be unfeasible for respondents. 
Therefore, a statistically efficient choice design combining the attribute levels into alternatives and 
choice sets was constructed using Ngene (Collins et al., 2012). The design was estimated using the 
expected signs of the attributes based on literature and expert consultation as priors. Negative 
preference was assumed for more data input requirements, higher costs of the usage and more widely 
sharing the data, while a positive preference was assumed for incentives such as special training, help 
at the first time use and visits of the extension service. An efficient design consisting of 24 alternatives 
was identified and arranged into 12 choice sets where 2 alternatives were compared. These were then 
assigned into two blocks of six choice sets to avoid a survey that is too lengthy (Fig. 4-2). Respondents 
were then randomly allocated to the two blocks. For each choice set, the respondents were asked to 
choose between one of the two profiles of app usage. The design also included an opt-out option not 
to force the respondents to choose for one of the alternatives when those were not considered 
suitable. The opt-out was described as “under these conditions I prefer none of the described 





Figure 4-1: Example of a choice card  
2.3 Data collection and analysis   
A survey was used to investigate attitudes towards the use of the AgroTutor app and was conducted 
in the context of the CIMMYT innovation hubs in Guanajuato, Mexico. The innovation hub model 
comprises research platforms, demonstration modules, and extension and impact areas. In research 
platforms, local researchers adapting farming innovations to their specific conditions. The 
demonstration modules are on farmers’ land and involve side-by-side comparisons of new 
technologies and conventional practices. Module outcomes often generate feedback to research 
platforms and allow for farmer-to-farmer interaction and sharing. Around this physical infrastructure 
of the hub, a network of actors in the value chain is built with the objective to drive adoption, local 
impacts, and the scaling of innovations.  
The survey had two main parts: a part collecting data on socio-economic and farm-related 
characteristics and secondly the DCE. Different determinants of behavioural intention to adopt were 
measured and applied as grouping variables from the Unified Theory of Acceptance and Use of 
Technology (Venkatesh et al., 2012), and the orientation goal theory (Beza et al., 2018).  
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A description of the constructs can be found in Appendix 3.C. Data was collected through face to 
face interviews by a group of enumerators. To reduce the bias of the respondents, extensive training 
was provided to ensure that all enumerators conducted the survey in a similar way and to ensure to 
the respondents that their privacy would be kept. A video describing the content and capabilities of 
the app was shown to all respondents before they answered the choice experiment. In this way, it was 
ensured that all respondents had similar information and knowledge of the app under consideration. 
We collected 392 valid surveys, both from respondents that were connected (204) and non-connected 
(188) to the innovation hub. The socio-economic and farm characteristics were evaluated using 
descriptive statistics in SPSS. The models described were estimated using NLogit 5 software. To 
estimate heterogeneity, the Latent Class (LC) model was run several times with increasing numbers of 
classes and different combinations of the above-mentioned class membership variables. Latent Class 
(LC) models attempt to capture heterogeneity of the respondents depending not only on socio-
economic characteristics of the respondents, but also on attitudes and values of the respondents. In 
this regard, preference formation might be affected by factors that are not directly observable such as 
the intention to adopt an agricultural app.  
Three components obtained from a Structural Equation Model (SEM), which satisfied the criteria of 
significantly influencing the behavioural intention were explored as membership and profiling 
variables: the performance expectancy (PE), facilitating conditions (FC), and mastery approach goals 
(MAG) (Appendix 3.C). A two steps estimation was used to include these constructs as latent variables. 
First, the SEM was estimated and factors from the resulting model were retrieved. Once the model 
was estimated, categorical variables were created based on the obtained scores and used as 
explanatory variables of the latent class model. In other words, the categorical variable separate 
participants in having higher or lower levels of PE, FC, and MAG.  
It is worth to point our that including latent indicators directly in a utility function can lead to 
inconsistent estimates because latent variables contain measurement error is ignored. In addition, 
there may be endogeneity bias caused by the correlation between the indicators and the error of the 
utility.  Unobserved factors can influence a  respondent  not  only  to  choose  an  alternative  but  also  
to  respond to indicator questions (Kim et al., 2014). A Hybrid Choice Model framework could 
overcome this limitation while representing a more behaviourally realistic choice behaviour. Recently 
also approaches have been developed to use psychometric indicators such as attitudes to construct 
latent classes in choice models (Hurtubia et al., 2014; Motoaki and Daziano, 2015).  
The farmers’ segments obtained through the latent class modelling were further profiled using the 
abovementioned profiling variables. To get an overview of the characteristics of the classes, post-




obtained classes. Means were compared through a one-way ANOVA analysis applied when necessary. 
Categorical variables were analysed using a chi-square association test, while non-categorical variables 
were analysed using an independent-samples Kruskal-Wallis test. For simplification purposes, non-
categorical variables resulting non-significant were grouped based on the mean and converted to 
categorical variables. In a first step, farmers’ classes were compared to test whether overall significant 
differences exist across the segments at a significance level of α=0.05. If overall significant differences 
were found, pair-wise comparisons were performed to identify which consumer segments differ 
significantly based on the adjusted significance.  
 
3. 1 Descriptive statistic 
The median age of the respondents was 55 years (Table 4-2). These result are consistent with 
reported average farmers ages of  54.6 years in Mexico (FAO, 2014) but differ from a previous DCE 
study for ICT-based advisory tools in Nigerian context in which the average age is 10 years less (44 
years) (Oyinbo et al., 2018). Overall, crop production was identified as the main activity by the 
respondents. About 85% of the respondents are smallholders who own land, with 70% having an 
agricultural contract for production. One out of three respondents receive advice from an extension 
agent every week and 19% were not receiving any advice from extension agents (Table 4-2). This result 
show that the frequency of advice is not limited for at least one third of the sample, therefore certain 
aversion to the replace extension services attribute is expected. Results on the farmers ownerships 
and habits of mobile phone usage show that the 82% of the respondents own a mobile phone (all 
types), and use the phone, on average, 43 min a day. These habits provide insights on the 
communication channels currently being used by smallholders in that region that are not necessarily 
being applied extensively yet for agricultural purposes. Moreover, the result on mobile phone credit 
spend of 170 MNX (8 EUR) per month, that can be used for calls, SMS and internet, provide a baseline 
for exploring further financial incentives, if available, to promote actual usage of an app. 
Female respondents represent only 6% of the total sample. This is also consistent with the latest 
Agricultural National Survey in which only 14% of producers and decision makers of the production 
unit, at a country level, are women (INEGI, n.d.). Previous studies in rural Indian contexts have shown 
that women farmers value mobile-enabled services to increase their knowledge of climate-smart 
technologies and encouraged their participation in decision making (Mittal, 2015; Mittal and 
Hariharan, 2018). The limited sample size did not allow us to conduct further analysis based on gender 
but it is suggested that further studies focus on gender-inclusive solutions and preferences. 
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Table 4-2: Socio-economic, land characteristics, innovation hub and mobile phone usage 
Parameters Total sample 
(392) 





Connection to the Innovation hub 
Age (average years) 55  % farmers linked to the hub  52% 
Gender (% male / female) 94% / 6% Time linked to the hub (years) 3  





Literacy** 95% % of farmers receiving weekly advice  32% 
Crop production as primary 
income source (%) 
91%   
 
Land characteristics: 
 Mobile ownership and use: 
% own a mobile (all types) 
 
82% 
Land area (average ha) 16.5 % own a smartphone 46% 
% with a production contract  74% Time using a smartphone (years) 3.5  
% owning land 75% Time using the phone (min/day) 43  
Area of land owned (average 
ha) 
9 Mobile credit spent (MXN/month) 170*** 
 
*18-35 years old living at home, **read and write, *** around 8 EUR based on 2019 exchange rate 
 
3.2 Farmers preferences: Conditional Logit Model results 
Across the sample, significant estimates of nonfinancial incentive (s) were found in the CL model 
for: support at first time use, special access to training in the region, and data-usage cost (Table 4-3). 
Farmers showed a strong positive preference for both support at first use and special access to training. 
The first is likely to be related to the fact that only 46% own a smartphone or due to farmers average 
age and therefore lack of digital literacy. Therefore, feasible options to provide this type of support 
during the launch could be extension services or youth living with the farmers (end-users), since more 
than half of the respondents lived with youth members between 18 and 35 years old that might have 
better digital literacy. This could also be a pathway to engage youth in agricultural activities as farmers 
ageing and lack of generational relief is a current challenge in Mexico (FAO, 2014) and worldwide.  
Both positive preferences suggested that nonfinancial incentives related with capacity building 
might stimulate uptake of these technologies. For this, the extension services play a crucial role 
(Eastwood et al., 2019). Because nearly half of the respondents are linked to an innovation hub that 




is not surprising. Moreover, it is in line with previous studies where extension services have proven to 
be one of the most trusted sources for agricultural advice by small holders farmers (Mittal et al., 2019; 
Mittal and Mehar, 2012). Similarly, the role of advisors in helping farmers to create more value out of 
smart agriculture tools has been identified already in previous literature in developed regions 
(Eastwood et al., 2019). The preferences of connected farmers towards extension services provision 
also suggest that replacing extension services completely with the mobile phone app might be contra 
productive. 
A negative preference for the cost of data usage was found, as expected, suggesting that if the cost 
payed for accessing basic app features increases, the usage would decrease. The average spend 
amount found among respondents (170 MXN/month) is comparable with the estimated cost to be paid 
for accessing basic app features (150 MNX/month). It means using the app daily for a month to conduct 
basic functions. Although this study does not cover a willingness to pay nor focus on financial 
incentives, it provides insights of a cost baseline for further exploration of financial incentives.  A 
significant, negative preference was found for registering data minimum every two weeks (versus ‘no 
requirement’ of data needed to be registered), but only for the non-connected farmers. For farmers 
connected to the innovation hub (see Section 2.1), a negative preference was found for data sharing 
with private companies, as compared to limiting access to farmers. These results place into question 
the notion of self-evident trust relationships within an innovation hub. This finding supports previous 
results about farmers’ concerns of data privacy (Jakku et al., 2019) and the importance of not assuming 
their acceptance, especially when external or private actors enter the scene. Regardless of the 
connection of the farmer to the innovation hub, a preference was found for the data-usage cost 
(negative) and trainings (in exchange for using the app) (positive). Integration of these positive 
incentives during the app launch and scaling-up stage could incentivise the initial adoption and 
sustainable use of this type of apps.  
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Table 4-3: Conditional Logit Model Estimates 
 
# of respondents 
All farmers Connected farmers Non-connected farmers 
392 204 188 
 Estimates  Std. 
error 
Estimates  Std. 
error 
Estimates  Std. 
error 
Support at 1st time use 
  


































-0.046 *** (0.008) -0.066 *** (0.012) -0.027 *** (0.012) 
Access to trainings 
 
0.310 *** (0.068) 0.298 *** (0.096) 0.332 *** (0.098) 
 
Access to shared data+  





















service visits  
 





-0.869 *** (0.105) -0.827 *** (0.152) -0.896 *** (0.147) 
Note: ***, **, * indicate significance at 1%, 5%, 10% level, respectively. Standard errors are in bracket 





3.3 Farmers valuing extension services, data-usage cost and data privacy:  
Latent Class Model results 
The regression results (estimates) of the LC model with 3 classes resulted from a model with classes 
sizes representing at least 10% of respondents (Table 4-4). The segments (classes) were further profiled 
based on socio-economic characteristics, extension services and mobile phone habits (Table 4-5). The 
class assignment coefficients reflect the effects of the following retained variables: linked to an 
innovation hub, farmers age and mobile phone ownership, on the individual’s class assignment with 
Class 3 as reference group. Therefore, statistically significant, positive coefficients for class assignment 
always indicate that a farmer is more (or less) likely to belong to the respective class than belonging to 
class 3. The opt out alternative was chosen 14.7% of the times. 
The segment class 2, labelled as ‘Value mastery, cost-averse’, represents 11% of the surveyed 
farmers with a stronger negative preference for the cost associated to the use of the app, as compared 
to class 1 and 3 farmers. These results are in line with Yigezu et al. (2018) studies on low and gradual 
adoption of costly practices by smallholders, in which is argued that farmers view innovations as 
potential risks rather than opportunities. However, field days, demonstration trials and free access to 
equipment for first-time users increase the adoption (Yigezu et al., 2018). Therefore, special access to 
trainings could help to engage this minority that is cost-averse.  
The mastery-approach goals (MAG) and behavioural intention (BI) retained variables, obtained 
from the SEM, were also used as class membership parameters in the LC model (Table 4-4). The MAG 
refers to the intention  to understand something new or to improve the level of competence (Yi and 
Hwang, 2003), and was chosen due its link with the DCE attributes of support for the first-time use, 
and especial access to trainings. It is also critical to be studied along with farmers age especially in this 
case in which farmer mean age is 55 years (mean age, Table 4-2) and their openness to new 
technologies might be less than younger farmers. The MAG, studied as a dummy variable, suggested 
that individuals with mastery goal orientation are more likely to develop a higher sense of confidence 
(Beza et al., 2018; Yi and Hwang, 2003). Surprisingly having higher mastery approach goals further 
increases the probability of belonging to this class while lower behavioural intention to adopt the app 
decreases the probability of belonging to class 2. This finding differs from assumptions that mastery 
approach goal is a driver for the intention to adopt.  
One possible reason for this divergence could be explained by the class negative preference for the 
cost associated (Table 4-4). This means that even though farmers in this class are willing to learn and 
master an app they are less likely to adopt the app because of affordability reasons. Another possible 
explanation is that because of their age, farmers prefer in-person trainings instead of completely rely 
on the app advice. This suggests that nonfinancial incentives such as trainings might be a way to 
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promote the willingness to adopt the app in this group. This finding is also in line with the conclusion 
of Baumüller (2018) about making mobile phone services to farmers more appealing if the complexity 
of services is handled by the service provider or intermediaries such as extension agents among others.  
One more class assignment variable corresponded to the belonging to the innovation hub described 
in Section 2.3 in which farmers are somehow participants of new practices and innovations, especially 
around sustainable agriculture in the region. The LC model results demonstrate that farmers 
connected to the innovation hub are more likely to belong to class 1. Farmers in class 1 are mostly 
farmers with land sizes of less than 16.5 ha, which is significantly larger than for farmers in the 
reference class (class 3). As for the mobile phone characteristics, 25% of the farmers’ owning a 
smartphone belongs to class 1, and they have been using mobile phone for more than 2 years. It also 
appears that farmers belonging to this class are more likely to have a higher phone usage (min per day) 
than class 3. This finding somehow explains that the farmers that are more likely to belong to this class 
do not have a negative preference towards the frequency of entering data in the app nor do they have 
a strong preference for data sharing. The farmers segment (class 1), labelled as ‘Value extension 
services’ represents 45% of all farmers and are shown to significantly prefer to keep extension services 
visits and have special access to trainings for using it. This finding is consistent with the profiling results 
(Table 4-5) showing that most of the farmers belonging to class 1 ‘Value extension’ frequently received 
advice. This finding is also in line with previous studies on the role of extension services and advisers 
for making sense of the obtained results or advices from digital tools  (Ayre et al., 2019; Eastwood et 
al., 2019). As well are in line with the development, by public organizations, of training programs 
including support of initiatives such as farmer clubs (Eastwood et al., 2017) for uptake, diffusion and 
scaling of these innovations. These insights are of special interest whenever these applications are 
meant to be scaled and when private and external partners will be involved in the innovation system 
for the effective adaptation from the diverse digital innovation practices of advisors (Ayre et al., 2019).  
Farmers in class 3, labelled as ‘Value data privacy’ represents 44% of the surveyed farmers. Contrary 
to farmers in the ‘Value extension services’ class, these farmers have a negative preference for 
updating information in the app frequently (once every 2 weeks and 2 months) in comparison to ‘no 
requirement’ attribute for registering information. In addition, they also have a negative preference 
for sharing data with private companies (versus sharing only with themselves and their peers). These 
findings are in line with recent studies on the willingness of farmers to give and share data (Turland 
and Slade, 2019), which further shows that the organization operating the platform, in this case the 
app, is particularly important: farmers are most willing to share their data with university and 





Table 4-4: Regression results (estimates) of the latent class model with 3 classes  



















Support at 1st time use  1.45468***  0.45234 .40596 0.55818 .05658 0.19688 
Data input requirements°       
once every 2 weeks .47261  0.32761 .02411 0.77516 -.52800*** 0.17774 
once every 2 months .19438  0.36139 .15370 0.74581 -.38785** 0.18679 
once every cycle -.06525    0.64704 .69843 0.90746 -.16273 0.27575 
Data-usage cost -.06440*  0.03589 -.16587*** 0.05667 -.02103 0.01678 
Access to trainings 1.41369*** 0.35902 .74357* 0.40439 -.08829 0.13597 
Access to shared data+        
All -.34644 0.34604 .71156  0.56648 -.11338 0.19967 
Research institutes & 
Government 
-.31140 0.31038 .50134 0.5865 -.09225 0.14014 
Private companies .43923 0.28547 .04671 0.62826 -.63819*** 0.16832 
Extension services 1.58256*** 0.34699 .39739  0.47569 -.02182 0.12551 




Constant -.51958 0.42436 -1.40327** 0.61523 -  
Age (1 if > 55) -.26859 0.31422 -.21726 0.46999 -  
Own mobile (Yes, No) .04367 0.40824 .63229         0.56386 -  
Linked to Innovation Hub 
(Yes, No) 
.95226*** 0.30534 .58413          0.57826 -  
Behavioural intention (1 if > 
median)  
-.34851 0.42421 -1.87439*** 0.67999 -  
Mastery approach goal (1 if 
> median) 
.64927          0.42616 .91560* 0.53207 -  
° versus no requirement of minimum data input needed to be entered by the use, +versus farmer only 
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Table 4-5: Profiling farmers’ latent classes  




Class 2 (11%) 
Value Mastery 
Cost-averse 
Class 3 (44%) 
Value data privacy 
p-value 
Socio-economic: 
Age µ (± σ)  53 (14.6) 57.5 (12.8) 57 (12.7) 0.044 3 
Education level none  12% 22 5 20 0.8102 
elementary 36% 68 16 56 
high school 33% 63 17 49 
university 19% 44 6 26 
undergraduate 5% 8 3 9 
Land area µ mean (± σ)  15 (28) 18 (54) 9 (13) (1-3) 0.0022 
Land area owned    9 (28) 17 (55) 7 (14) (2-3) 
0.0312 
Extension services: 
Connected to the Innovation hub No 48% 78a 23a,b 88b 0.0021 
Yes 52% 119a 21a,b 63b 
Years linked to the hub µ mean (± σ)  2.9 (2) 3.5 (1.8) 2.5 (1.3) .0913 
 
Frequency of advice received Never 19.4% 28a 14b 34a,b .0021 
every 6 months 13.3% 20a 4a 28a 
every 2 months 7.4% 14a 1a 14a 
every month 23% 49a 9a 32a 
every week 32.1% 74a 16a,b 36b 







Mobile phone services: 
Own mobile No 17.9% 31a 13b 26a,b 0.0931 
Yes 82.1% 166a 31b 125a,b 
Mobile type None 17.9% 31a 13a 26a <0.0011 
 Smartphone 45.9% 111a 15b 54b 
Basic 19.4% 26a 12a,b 38b 
Medium 16.8% 29a 4a 33a 
Years using a smartphone µ (± σ)  3.9 (2.9) 3.2 (2.5) 3.2 (2.7) 0.2623 
 
Minutes per day µ (± σ)  52 (71) 36.8 (56) 32.5 (68) (1-3) .0012 
Spend in mobile credit/month µ (± σ)  181.6 (97.5) 153 (66.3) 161.4 (89.8) (1-3) .0472 
 
1 Chi-square ,2 Kruskal-Wallis, 3 ANOVA. Each subscript letter a,b denotes a subset of categories whose column proportions do not differ significantly from each other at 
the ,05 levels 
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Despite its contributions regarding farmers’ preferences to use the AgroTutor app that provide 
agricultural-related information about crops, this study has some limitations. First, the preferences 
might differ from location to location, so comparing farmers across different cultures both in 
developed and developing countries would be theoretically and practically useful to further validate 
the outcomes of this model. Our study does not claim to statistically represent farmers in the whole 
country (e.g. in terms of gender or location). Second, as the findings apply to a specific constraint-
based context, care must be taken when interpreting the findings and aiming to generalize to other 
geographies with other ICT infrastructures. Further validation needs to be extended to other 
geographical regions within Mexico and Central and South America. Future willingness-to-pay studies 
could also verify whether the preferences are robust over time. From a methodological standpoint, 
further bias checks are recommended such as a conventional attribute non-attendance model 
(conventional ANA), and a validation attribute nonattendance model (validation ANA) that implies 
non-compensatory decision making behaviour of respondents (Oyinbo et al., 2018). It means a 

















Farmers’ preferences for data sharing and nonfinancial utilities regarding an advisory app were 
measured in an ex-ante discrete choice experiment. The results of 392 surveyed Mexican farmers 
reveal a strong preference for access to special training in their region, with 44% having a negative 
preference to sharing app-related data with private companies. This was the first study to implement 
a model to gain insights into nonfinancial aspects driving farmers’ preferences of using agricultural 
apps.  
In general, our findings imply that farmers, despite their age, support the use of ICT-based site-
specific extension services and consider nonfinancial incentives such as access to trainings in their 
regions. This calls for implementers to contribute to the responsible implementation of this projects, 
while considering smallholders’ privacy and data ownership. Results from the LC model demonstrate 
differences of preference when farmer’s connectedness to an innovation hub, and mastery approach 
goals variables are considered as a grouping variable. This study find heterogeneity in farmer 
preferences for data sharing. Results show that those farmers who were part of an innovation hub and 
received regular extension services were less likely to have aversion against data sharing. Different 
farmer segments were distinguished, those connected to an innovation hub are most likely part of the 
group of ‘Value extension’ farmers (45%), while the ‘Value mastery, cost-averse’ (11%) group had a 
lower behavioural intention to adopt, and the ‘Value data privacy’ (44%) group had a negative 
preference to share their data frequently and with private companies. Farmers within the ‘Value 
mastery, cost-averse’ group were a minority more likely to have a lower intention to adopt an app. 
This calls for developers and implementers to contribute to invest in closing the digital divide through 
provide diverse incentives and tailoring ICT-based technologies to resource-poor, minority’s groups in 
constraint-based contexts.  
Furthermore, the stated preferences of connected to an innovation hub farmer with respect to 
extension, suggest that replacing extension services completely with the mobile phone app will not be 
perceived as ideal. Rather, our results suggest that the extension services and trainings could act as 
nonfinancial incentives despite smallholder farmers already having frequent advice delivery services. 
These findings further highlight the importance of flexible extension systems that consider farmers’ 
preferences of usage and their trust in the different actors involved in sharing data and information 
via a mobile phone app, and correctly inform farmers not only about technical risks of advices (yield 
and returns), but as well as on data ownership and privacy. Despite limitations, the main contribution 
of the study is that it shows the importance of nonfinancial incentives and the influence of the ex-ante 
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UNDERSTANDING AND EVALUATING THE 







This chapter is based on: 
Molina-Maturano, J., Bucher, J. & Speelman S. Understanding and Evaluating the Sustainability of 
Frugal Water Innovations in Mexico: An Exploratory Case Study.  





Due to their potential economic, social and environmental benefits, frugal innovations have gained the 
attention of firms, policy-makers, and researchers to meet the needs of communities at the Bottom of 
the Pyramid. However, comprehensive systematic approaches are still needed to evaluate their impact 
on sustainable development in geographical regions with limited available data. Hence, this study 
evaluated the sustainability of latent frugal innovations in Mexico and the motivation of their 
innovators, particularly of an ecological wastewater treatment plant and a rainwater harvesting 
system. Applying a case study methodology, the two cases were investigated using an online 
questionnaire, expert interviews, document analysis, and a sustainability evaluation framework. The 
results showed that frugal innovation relates to catalytic and social innovation concepts, with 
comparable motivations by innovators and innovations’ features and characteristics. In addition, the 
results of the assessment rooted in the Sustainable Development Goals showed that both cases did 
not infringe any of the 17 goals, had a neutral impact on 39% and 53% of the SDGs and positively 
impacted all three dimensions of sustainability with a slight emphasis on social sustainability (with 36% 
and 21% of the overall impact). The present study proved that the framework is a useful and accessible 
tool for diverse actors, including innovators aiming to communicate the impact of their solutions or 
identifying risks/alerts at scaling-up phases. This study has limitations due to its explorative nature and 
the limited number of cases investigated. However, the in-depth study of the selected cases of water 
innovation in their specific contexts produced valuable insights for further research, especially 
regarding i. the integrated investigation of social, frugal and catalytic perspectives on innovation in 
Central and South America, and ii. the quantification of impacts on sustainable development using 







Keywords: Frugal innovation, Social innovation, Water, Mexico, Sustainability, Sustainable 
development goals SDGs 
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The global use of water has steadily increased by 1% per year since the 1980s and is expected to 
keep this rate of growth for the next three decades (UNESCO 2019). More than 2 billion people don’t 
have access to clean water and almost 0,8 billion people don’t have a basic supply of water 
(UNICEF/WHO 2019). The global significance of water supply has been institutionalized with the 6th 
sustainable development goal3  and the recognition of the human right to water and sanitation by the 
United Nations General Assembly in 2010. Water is an essential and non-substitutable resource and 
accordingly, scarcity of this resource has the most impact on rural regions and the poorest members 
of the global society (UNICEF/WHO 2019), sometimes referred to as the BOP (Bottom of the Pyramid). 
The BOP is the largest but poorest socio-economic group, surviving on just USD 2-8 a day.  
Most research on the BOP focuses on emerging regions and countries like India, China, Africa, and 
South America, but there are also studies investigating the BOP of the so-called developed countries 
(Kolk et Al., 2014).  Introduced by Prahalad and Hart in 2002, the concept of the BOP promised to 
alleviate poverty while serving the poor profitably. Since then, the concept has shifted towards more 
ethical approaches like co-venturing and the considerations of sustainability, but there is still a lack of 
evidence that the BOP concept keeps the promise to serve the underserved communities (Dembek et 
al., 2019). Nevertheless, it is important to keep the focus on this specific socio-economic group such 
as the BOP population of Mexico increased by 10% to 90 million, according to the Inter-American 
Development Bank (Azevedo et al., 2015). In 2016, the CONEVAL2 estimated that 43.6% of the 
population lives under poverty conditions.  
Due to their potential to tackle poverty, frugal innovations (FIs) have gained attention among firms, 
policy-makers and researchers in both developing and developed economies (Granqvist, 2016). FIs 
have been defined as an approach to innovation (Pisoni et al., 2018) or as a mindset, process, and 
outcome (Rosca, Agarwal, and Schenkel 2019). Other authors define FI as an innovation that drives 
substantial cost reduction, concentrates on core functionalities and has an optimized performance 
level (Weyrauch and Herstatt, 2017). Studies on FI are predominantly found in the healthcare, 
electronics/ICT and energy sectors, with a concentration on India, whereas the Central and South 
American region (Hossain, 2017) and the water sector are covered to a lesser extent. Very few studies 
have investigated water-related FIs in Africa and India (Annala et al., 2018). Furthermore, the focus is 
mainly on drinking water, e.g. the Tata Swach filters (Hyvarien et al., 2016; Levänen et al., 2015), while 
                                                          
3 SDG 6: Ensure availability and sustainable management of water and sanitation for all. 





other water-related challenges are less studied; innovations aiming to improve water availability and 
quality in rural areas are one example. Rural areas, which are home to most of the BOP, are often 
relatively isolated and lack a modern urban water infrastructure (UN-Water, 2017). Traditional urban 
systems are expensive and require a large amount of equipment and specialized maintenance. In 
Mexico, only around 40% of the wastewater from homes and industry undergoes some form of 
treatment. Sustainable FI thus offers an interesting research pathway. The lack of studies may also be 
related to a different conceptualization of frugality in the Central and South American contexts. An 
example of a locally embedded term is Jugaad in India, which shares features with the concept of frugal 
innovation (Prabhu and Jain, 2015; Radjou et al., 2012). Features are characteristics such as cost 
reduction, affordability, focus on core functionalities and robust performance (Weyrauch and Herstatt, 
2017).  
In Mexico, the concept is less explored. However, rising concepts such as social or catalytic 
innovations are overlapping concepts for frugal innovation in some cases. For example, FIs share 
attributes with catalytic innovations aimed at achieving positive socio-economic transformations 
(Christensen et al., 2006). Previous studies investigated the sustainability of FI with varying results. 
Some authors have identified links to the SDGs - Sustainable Development Goals (SDGs)  (Levänen et 
al., 2015), others emphasize the positive impact on the social dimension of sustainability (Khan 2016). 
It has also been argued that sustainability is not an obligatory feature of FIs (Rosca et al. 2017a). A 
literature review by Albert (2019)on this topic concluded that FIs seem to be inherently socially and 
economically sustainable, but not ecologically. But while all the studies considered in his literature 
review showed a positive impact on sustainability, also almost half of them found negative connections 
to sustainability. A systematic approach is needed to evaluate the impact of FIs on sustainability in a 
specific context (Dressler and Bucher, 2018; Rosca et al., 2017b).   
Against this background, this chapter aimed to evaluate the sustainability and identify the impacts 
of 2 cases of water innovation on sustainable development. Moreover, it explored how the frugal 
concept relates to other concepts of innovation (catalytic and social innovation) in an understudied 
region; and to what extent the water innovation’ features and motivation of entrepreneurs fit the 
definition of frugal innovation. To do so, an extensive case study research and analysis of an ecological 
wastewater treatment plant (WWTP), and a rainwater harvesting system (RWHS) in Mexico was 
conducted. An online questionnaire, interviews, secondary data, and a sustainability evaluation 
framework explained before in Chapter 1 (sub section 3.4) was used to investigate the cases in general 
and their features, motivations of the innovators as well as the impact on sustainable development.  
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2.1 Frugal innovation, catalytic innovation, and social innovation 
Previous studies have explored the similarities and differences between FI and related terms such 
as Gandhian innovation, Jugaad innovation, reverse innovation, grassroots innovation, indigenous 
innovation, and catalytic innovation, among others (Agarwal et al., 2017; Brem and Wolfram, 2014). 
Catalytic innovations are considered a subset of disruptive innovation in resource-constraint 
environments, which place great emphasis on social change, scalability and sustainability (Agarwal et 
al., 2017; Rosca et al., 2017a). Catalytic innovation has been previously defined as innovation with five 
distinct characteristics: (1) create systemic social change, (2) meet a need that is either underserved 
or not served at all, (3) generate resources in ways that are initially unattractive to competitors, (4) are 
often overlooked and (5) offer products/services which users consider adequate and are simpler and 
less costly than existing alternatives (Christensen et al., 2006). Similarly, frugal innovation refers to a 
way of using resources throughout the innovation process that results in products, services and 
systems that are of high quality, affordable for low-income consumers and ideally sustainable (Bhatti, 
2012; Prabhu and Jain, 2015; Radjou et al., 2012). Weyrauch and Herstatt (2017) developed a three-
criteria framework for FI, based on a multi-method approach (literature review, interaction with 
practitioners, category building, and deduction of criteria). The resulting criterion was that FI is an 
innovation with a substantial cost reduction, concentration on core functionalities, and optimized 
performance level. For comparability as well as practical reasons, the present work used this definition 
of FI.  
 
Figure 5-1: Frugal innovation features used as working definition 
To compare existing solutions (based on a literature review) with cases identified (frugal solutions). 




Social Entrepreneurship theory comprises a particular subset of entrepreneurial activity, wherein 
the products and services attempt to mainly address social problems (Bahena-Álvarez et al., 2019; 
Darabi et al., 2012). Mexico is recognized as a pioneer on the topic in Central and South America 
(Bahena-Álvarez et al., 2019). An empirical study has been conducted to examine whether the 
attributes of catalytic innovations apply to 219 Mexican social entrepreneurs, associating catalytic and 
social innovations (Auvinet and Lloret, 2015). Using a regression model, the authors showed that 
catalytic innovations do occur within social entrepreneurship in Mexico. In particular, the attributes 
that resulted significantly were the ones commonly related to the degree of bricolage, meaning ‘using 
what is at hand to do good’ (Auvinet and Lloret, 2015; Gundry et al., 2011).  Bricolage, as implemented 
by social entrepreneurs, results in novel approaches to attracting and distributing resources, 
identifying unserved market segments and offering products and services that are simpler, less costly 
and “good enough” (Gundry et al., 2011, p. 17). Furthermore, bricolage innovation is commonly related 
to Jugaad and often labelled as frugal innovation (Shepherd et al., 2017). Wulleman and Hudon (2015) 
support similar findings from their comparative study of 10 Mexican social enterprises. The authors 
categorize social entrepreneurs as social bricoleur, constructionist and engineer. Interestingly, the 
bricolage process in resource-constrained environments is thought to be a potential source of 
sustainable innovations (Sharma and Iyer, 2012) and social sustainability (Khan, 2016b).While FI is seen 
at times only as an outcome (final product or service) rather than a process (Brem and Wolfram, 2014; 
Soni and Krishnan, 2014) both perspectives are included in the present study. The following theoretical 
framework was developed to focus on attributes of the product or service and on the process by 
looking at the innovator's motivation (Fig. 6-2). In this case, the innovators of the product and service 
innovations aimed at creating a positive impact on sustainability.  The present study doesn’t aim to 
unlock the theoretical roots or deepen into the approaches of each concept but rather open new 
directions in terms of the relation among them. 
*From social Entrepreneurship 
Figure 5-2: Theoretical framework applied in the study 
The case studies identified are framed in the context of these 3 types of innovations. 
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2.2 The Sustainable Development Goals  
The contemporary understanding of sustainability is multifaceted and depends on the specific 
context in which is an essential aspect of planning, designing and realizing an innovation. The concept 
of sustainability has been promoted and shaped by the United Nations, initially with the 1987 
Brundtland Report (United Nations 1987). The Brundtland Report is well known for its definition and 
model of sustainable development and provided the basis for the 1992 Conference on Environment 
and Development (UNCED) and Agenda 21 (United Nations 1992). The Brundtland Report also 
established the connection and interaction between economic, environmental and social 
sustainability, which gained popularity as the triple bottom line (Elkington 1994; Elkington 1998). In 
September 2015, the United Nations General Assembly adopted the 2030 Agenda for Sustainable 
Development, including 17 goals (SDGs) and 169 targets under the resolution “Transforming our world: 
the 2030 Agenda for Sustainable Development” resulted from an extensive process of public 
engagement with civil society around the world. The vision for “transforming our world for the better” 
is also grounded on five values or the “5 Ps”: People, Planet, Prosperity, Peace, and Partnership: 
• People - end poverty and hunger in all their forms and ensure dignity and equality 
• Planet - protect natural resources and climate for generations to come 
• Prosperity - ensure fulfilling lives in harmony with nature 
• Peace - foster peaceful, just and inclusive societies 
• Partnerships - implement the 2030 agenda through a solid global partnership 
The 17 SDGs constitute a comprehensive list that represents the various facets of sustainability 
while being applicable everywhere (Kercher and Mahler 2015) rather than focusing on specific cases. 
The SDGs could thus serve as a basis for an evaluation system for innovation and innovation projects 
that measures the (potential) sustainability spectrum. The 17 goals consider the environmental, social 
and economic dimensions of sustainability in appropriate detail while still being manageable. Sachs 
(2012) pointed out that sustainability objectives differ globally between and within societies. However, 
the SDGs do not set out what the rich should do for the poor or vice versa, but what all countries should 
implement together, aiming for global welfare for present and future generations. These 
characteristics of the 17 SDGs led to the decision to adopt them as the basis for the sustainability 
evaluation framework, which is used in this article (Dressler and Bucher, 2018). They offer a 
comprehensive and widely recognized concept of sustainability while being manageable by 
practitioners with limited resources (unlike the 169 targets or the 232 indicators, which require 
substantial resources) and are thus utilizable for every innovation or change project where 





The aim of this study is to evaluate the impacts of two cases of water innovation on sustainability; 
and explore how the frugal concept relates to other concepts of innovation (catalytic and social 
innovation) in an understudied region. A case study methodology has been used to approach, 
investigate and describe the innovations (Stake, 2005; Yin, 2014) following recommendations to 
improve the quality of a case study in innovation studies (Goffin et al., 2019). A literature review was 
conducted to gain insights on constraint-based innovations in rural contexts and their impact on 
sustainability, and the need for context-specific frameworks was identified in understudied 
geographical areas such as Mexico (Molina-Maturano et al., 2019). An online questionnaire followed 
by a semi-structured Skype interview with each founder was conducted during January and February 
2018. Both the online questionnaire and the semi-structured interview consisted of two parts. The first 
part included questions to assess respondents’ current understanding of frugal innovations, how the 
idea originated in the early stages, the key features of the innovations and the business models. The 
founders were also asked to relate (or not) the features of frugal innovation with their innovation (See 
Figure 5-1). The second part of both the survey and interview focused on the perceived impact of their 
innovation on sustainability and how it is being assessed. Later, experts evaluated the case studies 
using the sustainability evaluation framework.  
3.1 Case Study methodology  
A case study methodology is often used in exploratory studies and has been recognized as 
particularly beneficial for addressing ‘how’ and ‘why’ questions while preserving the real-life events 
(Yin, 2014). As the present study covers a ‘how’ question, case-based research was identified as 
suitable. Also, the case approach is suitable for a study of phenomena with limited information 
because of its capacity to combine primary and secondary data. This can be considered a valuable 
addition to the limited literature and studies on frugality in Central and South America. Moreover, case 
studies have previously been applied for investigating both frugal innovations (Hyvarien et al., 2016), 
and the innovators (Hossain, 2016; Joshi et al., 2015); and have proved an appropriate method to 
based further sustainability assessments. The first step in the research design of a case study is 
developing the conceptual framework that will underlie the research and explain the main aspects of 
the study (Yin, 2014). The development was based on a literature review (Section 2, Molina-Maturano 
et al., 2019) to create the lens for the analysis. The second step is the unit of analysis. Potential frugal 
innovation cases from the National Youth Prize and CONACYT 2 Press databases were consulted over a 
period from 2015 to 2019 to ensure reliable and up-to-date information. A total of 10 cases were 
screened, four were contacted and two finally selected. The cases are selected based on the 
expectations regarding their information availability and content (Table 5-1). This unit of analysis was 
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considered suitable as the goal was to explore how the water innovations’ features and the motivation 
of entrepreneurs are comparable with frugal innovation ones. The units of analysis provided a good 
enough background to apply the sustainability evaluation framework.  
Table 5-1: Selection criteria based on information content and availability 
Criteria Yes or No? 
Is the innovation tackling water-related issues? Yes 
Is the innovation’s aim to promote at least one of the sustainability dimensions? Yes 
Is the innovation a final product or service implemented in resource-constrained contexts? 




To conduct data triangulation, the questionnaire and interviews were processed along with 
secondary data (official web presence, blogs, newspaper articles, and digital magazines) using NVivo 
software. To produce the final case presentation and content (Section 4), 3 rounds of revisions were 
conducted by multiple researchers. After the presentation of the final cases, cases were once again 
checked for necessary content by the experts who evaluated its sustainability using the sustainability 
evaluation framework’. Given the specific focus on water and the diverse social entrepreneurship 
models in Mexico, a quantitative analysis was not feasible due to the lack of available data. Hence, the 
research has limitations due to its explorative nature and the limited number of cases investigated.  
Furthermore, case study research has certain limitations in general (Merriam, 2009). The main being a 
lack of representativeness, especially generalizability, but also validity and reliability due to the small 
sample size and researcher bias. While there is no reason to believe that there is any difference 
compared to other forms of research approaches regarding the last argument, this potential bias (of 
any kind of man-made research) was addressed using researcher triangulation in the process of 
interpreting and analysing the data.  
The critique that case studies are limited by a lack of representativeness and generalizability seems 
to be rooted in a classic positivist philosophy. Post positivistic, constructivist and interpretivist 
approaches (e.g.  Yin, 2014, Merriam, 2009, Flyvbjerg, 2006 and Stake, 2005) argue that formal 
generalization is overvalued in the study of human affairs and that context-dependent knowledge is 
more valuable in this realm than general knowledge. The detailed investigation of a case in its context, 
using different sources and kind of data may not enable a generalization, but broaden the 
understanding of the case as one of its kind, its embedding and the external factors influencing it, as 
well as being influenced by it. This kind of research produces a rather rich and complex picture of the 
case. It is argued that because of that case study research is hard to summarize (or yet again – 
generalize) into propositions and theories. But this is yet again rooted in a positivist perspective – the 




of reality, not the research method (Flyvbjerg, 2006). There is also the argument that case studies are 
solely useful in the early phases of the research process to produce hypotheses. While case study 
research is particularly suitable for explorative research, it can also be used to test hypotheses, 
concepts, and theories and to build or develop them (Eisenhardt and Graebner, 2007; Eisenhardt, 
1989b). 
3.2 The Sustainability Evaluation Framework based on the SDGs 
A literature review of articles that cover the sustainability of frugal innovations showed that FI’s 
have an inherently positive impact on the social and economic dimension of sustainability, rarely on 
environmental sustainability and half of the reviewed studies even mentioned negative impacts 
(Albert, 2019). To add to this research, the sustainability of the investigated cases of frugal water 
innvation was evaluated in detail using a 3-step sustainability evaluation framework derived from the 
SDGs and based on a literature review and analysis of previous attempts of evaluating sustainability 
using the SDGs (Dressler and Bucher, 2018). In addition, the evaluation framework was conceptualized 
for use in every phase of an innovation project – ex-ante, concomitant or ex-post. Alternative 
frameworks such as the life cycle approach for joint projects (Maier et al., 2016) are often only 
designed for ex-post assessment, limiting their field of application and excluding practitioners and 
scholars interested in a tool for ex-ante or concomitant assessment. The framework was previously 
used to evaluate four frugal innovations in South Africa.  To verify the reliability of the evaluation, the 
case studies, along with information on the water sector in Mexico were sent to 5 scholars. The two 
cases were evaluated by German and Belgian experts on sustainability research from various 
disciplines, including innovation studies and economics and management in natural resources, there 
was also at least one expert in wetlands, natural capital, and sustainability.  
In comparison to well-established tools like the Life Cycle Assessment variants (e.g. ISO 14040, 
Hauschild et al., 2018, Maier et al., 2016), this framework focuses on the impact on the individual SDGs 
and links this impact to one of the three dimensions of sustainability as well as a specific feature or 
characteristic of the evaluated innovation. With this focus, it also enables researchers as well as 
entrepreneurs that lack the resources required to collect the information needed for a comprehensive 
life cycle assessment, for example, in developing countries. In contrast to a comprehensive approach, 
the used evaluation framework consists of just three steps while covering the three dimensions of 
sustainability and 17 SDGs. Each step of the framework was developed based on the SDGs to keep 
them as a key factor in evaluating sustainability (Fig. 5-3). In the first step, the innovation in question 
is assessed to determine whether it violates any of the SDGs. In the second step, all 17 SDGs are 
considered again, this time checking whether SDGs are influenced positively, and the positively 
influenced goals are linked to the actual impacted dimensions of sustainability and specific features of 
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the innovation. The third step focuses on these features, checking whether they can be linked to 13 
detailed aspects of sustainability such as education, inclusion, and equality that were derived from the 







Figure 5-3: The 3 steps of the sustainability evaluation framework 
The limitations of this framework are related to three aspects of the framework: the SDGs 
themselves, the human factor, and the available data. The following limitations are inherent to the 
SDGs (Albert, 2019): 
- The use of the terms sustainable or sustainability in the SDGs is a contradiction. 
- The high complexity of the SDGs is hampering the comprehension and usability.  
- Most of the SDGs address multiple dimensions of sustainability, also impeding the usability.  
- The SDGs don’t explicate at which level the contribution is made (individual, community, societal).  
These shortcomings of the concept of the SDGs were addressed by deriving key aspects of 
sustainability from the SDGs to provide a more detailed and explicit assessment – these do however 
not guarantee to cover all aspects of sustainability. To do so and evaluate the impact on sustainable 
development further, it is reasonable to include additional investigations, like an assessment of the 
ecological footprint or a life-cycle assessment.  
The human factor or researcher bias has been addressed triangulating the evaluation of the cases 
utilizing multiple experts and scholars to rate the sustainability of the two case studies separately. The 
unavailability of rich data on frugal water innovations in Mexico, in general, was answered by 
researching documented cases and finally focusing on two well-documented cases of frugal 
innovation. Exclusive data was gained from online questionnaires and interviews with the founders of 





CPlantae is a social enterprise founded in 2014 by four young entrepreneurs between 19 and 29 
years old in Puebla, Mexico. This design company constructs and maintains innovative natural 
wastewater systems by integrating biotechnological solutions that use microorganisms, aquatic plants, 
and worms. CPlantae has won around 17 national and international awards (CPlantae website), 
including the Youth National Prize 2016 (environmental protection category, (Mexican Institute for 
Youth website, 2017). The company also commercializes the following products: an ecological 
wastewater treatment plant (WWTP), an ecological toilet, rainwater harvesting systems, wetlands, 
ecological aquatic gardens and restoration of natural water bodies (CPlantae website). The domestic 
water, separated or mixed, is collected in a tank before it is pumped into a two-phase treatment 
pathway, usually starting with a worm filter and then a constructed wetland, depending on the 
wastewater type. At the end of the wetland, the treated water can be reused for a variety of purposes, 
such as irrigation of gardens or crops, use in toilets, washing processes and infiltration to the subsoil 
(CPlantae website).  
NETA CERO was founded by two young professionals in 2013. It is a socially responsible initiative, 
based in Mexico City, whose aim is to promote sustainability through the application of green 
infrastructures such as rainwater harvesting systems, ecological sanitation systems, and renewable 
energy projects. These types of solutions are commonly referred to as ‘Eco-technics or eco-
technologies’ (Spanish: ecotecnias, ecotecnologias) (Gavito et al., 2017; Haddaway et al., 2018). NETA 
CERO’s specific objectives are: to develop and implement innovative technological sustainable 
solutions in Mexico and South America, generate innovative methodologies of distribution that allow 
the dissemination of solutions, and provide consulting services in the use and implementation of 
sustainable technological solutions. The company has completed a total of 73 projects dedicated to 
design, implementation and commercialization of sustainable technological solutions for customers 
such as governments, foundations, and enterprises that manage social, environmental and productive 
projects. Governments from rural communities are currently its main customers (“Online - Surveys,” 
2018; “Skype interview NETA CERO founder,” 2018). A hybrid business model (profit and non-profit) is 
described, which relies on strategic alliances with non-profit organizations in Mexico and beyond to 
implement social programs in the rural communities of Oaxaca, Mexico (NETA CERO website). The 
process of water harvesting is as follows. Rainwater is captured on the roof, followed by a first wash 
of particles, then the water is stored in a tank (cistern). An electric pump (or solar pump) sends the 
water from the cistern to smaller water tanks placed on the roof of the building to be distributed. The 
water in the smaller water tanks can be processed by a series of filters that clean and sterilize it.  
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In this section, the context of water treatment and availability in Mexico is summarised to articulate 
existing solutions and have a common baseline of comparison, as suggested in previous studies  
(George et al., 2012). Then the similarities found among FI and the cases are presented (Table 5-2and 
5-3) for each one of the three features of frugal innovation (Fig. 5-1), as well as the respective 
motivations of the innovators and the origins of the solutions. After that, the scores of the 
sustainability evaluation are presented. 
5.1 Existing solutions: the context of water treatment, re-use, and availability in Mexico 
The municipal wastewater accounts for the majority of wastewater used in agriculture. The use of 
this type of water is common in Mexico and other countries. An estimated 70,000 ha and 190,000 ha 
are irrigated with treated and untreated wastewater, respectively (IWA, 2008; Sato et al., 2013). This 
poses a risk to public health because only around 40% of the wastewater (from homes and industry) 
undergoes some form of treatment and even this percentage is not cleaned effectively (UN-Water, 
2017). Traditional systems are expensive since they require a large amount of equipment and 
specialized maintenance (Arce, 2016). Following the adoption of decentralization legislation 35 years 
ago, each Mexican state is responsible for water provision to its municipalities. However, many rural 
communities are not connected to a modern water supply infrastructure. This is the case with the 
Oaxaca state, where 48% of the population is indigenous (National Institute of Statistics and Geography 
Report, 2016). Rural communities commonly use traditional open-air systems, known as “water pots” 
(Spanish: jagueyes, aljibes or ollas de agua), dates back to pre-Hispanic times (SAGARPA, 2009a). Even 
though this is a less costly solution than existing networks in urban areas, the systems lack efficiency 
due to water losses through evaporation and problems with sedimentation. Moreover, the design and 
construction require relatively large amounts of land, as well as specialized technical supervision to 
ensure proper hydraulic operation of the system, so it is hardly appropriate for small properties (García 
Jímenez, 2018; SAGARPA, 2009b). 
5.2 Simpler and less costly products/services than existing solutions 
Ecological wastewater treatment plant (WWTP) 
The ecological WWTP has an optimal level of performance and is reliable and robust. It also 
complies with applicable quality criteria (i.e. reuse or discharge) while producing minimum costs 
(‘Skype interview with CPlantae co-founders’, 2018). The WWTP complies with Mexican quality 
standards (Radio Formula, 2016). This means that the reachable Biochemical Oxygen Demand values 




001-SEMARNAT-1996). The co-founder stated that compared to existing wastewater treatment plants, 
the system is cheaper, more efficient and easier to operate, mainly because less electricity is required 
for pumping and only horticultural items (valves, pipes, and connections) are required for construction. 
In addition, they aimed to reduce waste or sludge generated after the treatment. The technology is 
flexible enough to suit different localities and needs, generally small to medium-sized treatment 
plants. The WWTP’s locations include houses in urban areas, a bakery, an agro-ecological smallholding 
and a zoo (CPlantae website) with flows from 4000-20,000 l/day. Compared to the existing solutions 
within the specific context of Mexico (Section 2.3), the WWTP features are in line with the FI definition 
(Table 5-2).  
Table 5-2: Comparison between the existing WWTP and CPlantae’s ecological solution  
 Frugal innovation 
features* 




Municipal wastewater treatment plants 
(WWTPs) have a relatively high 
investment, maintenance, and operating 
costs, including high energy bills (Zurita et 
al., 2012). 
 
Cheaper investment, operating, and 
maintenance costs (US EPA, 2000; Zurita et 
al., 2012). 
2  
Focus on essential 
functions and functions 
that fit local conditions 
 
No standard or low-cost wastewater 
treatment for rural areas or small-scale 
farmers. 
Treated water complies with the BOD5 
limits permissible for reuse in irrigation 
and discharges into natural water bodies. 





optimally fits the 
intended purpose and 
local conditions 
 
Discharge without treatment, no advance 
skills to operate an existing WWTP plant. 
 
Existing WWTPs are only cost-effective in 
urban areas (Zurita et al., 2012) but no 
standard solutions for rural areas where 
around 25% of the Mexican population 
lives. 
 
Easy operation, no advanced skills 
required to operate it. (Skype Interview 
with the founder). 
Effective treatment: especially effective 
and reliable for the removal of BOD, COD, 
TSS, metals, and some persistent organics 
(US EPA, 2000). 
using FI criteria according to Weyrauch and Herstatt (2017) criteria. Water quality measurements → BOD: Biochemical 
Oxygen Demand, COD: Chemical Oxygen Demand, TSS: Total Suspended Solids.  
 
The existing solutions are municipal WWTPs of small and medium-size. They are designed according 
to the population equivalent (PE), a sum of the ratio of pollution load produced per person. Generally, 
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Rainwater harvesting systems (RWHS) 
NETA CERO’s philosophy is based on a ‘low-cost, high-impact’ or ‘low-hanging fruit’ approach, a 




The context-specific comparison of characteristics between existing RWHSs and NETA CERO’s solution 
showed that the latter is more cost-effective and locally adapted and its performance is optimized with 
renewable energies (Table 5-3). 
Table 5-3: Comparison between the existing solutions and NETA CERO’s RWHS solution  
 Frugal innovation 
criteria* 
Existing solution Rainwater harvesting system (RWHS) 
 




Existing solutions are expensive for rural 
municipalities (construction, use, and 
maintenance of water pumps and the water 
network) 
Cost-effective solution to provide access to 




Focus on essential 
functions and 
functions that fit 
local conditions 
 
Existing household solutions implemented 
in urban areas by social enterprises and 
NGOs (Caminos de Agua website; Isla 
Urbana website) recently promoted by the 




Scale-up existing solutions (household 
systems) for supplying remote areas and 
schools, clinics and/or communities. Adapt 
their existing infrastructure or integrate the 
project into additional facilities (i.e. a 
football/basketball ground)  
3 
Performance level 
optimally fits the 
intended purpose 
and local conditions 
Women and children often walk long 
distances to fetch water; the costs of animal 
transport or trucked water.  
Traditional systems such as water pots are 
inefficient and require available/sufficient 
land (Domínguez-Acevedo, 2009; Ramirez-
Castro, 2008) 
 
Solar-power and grid connections optimize 
water access and usage in comparison with 
traditional systems.  
“All the water captured is distributed and 
used.” (‘Skype interview with NETA CERO 
founder’, 2018) 
using FI criteria according to Weyrauch and Herstatt (2017) criteria  
Both founders rated their FI knowledge as basic or non-existent. Nevertheless, both innovators 
associated the features of frugal Innovations (Weyrauch and Herstatt, 2017) with the features of their 
own innovation. They both relate their solution to the “optimized performance level in local 
conditions” feature (“Skype interview w CPlantae co-founders,” 2018; “Skype interview w NETA CERO 
founder,” 2018).   
“Our philosophy is the so-called ‘lowest hanging fruit; it means that we start with the project that generates 
the greatest impact with the lowest investment.” (“Skype interview with NETA CERO founder,” 2018) 
“Ironically, even in areas with abundant rainfall, water remains scarce for human use, leading us to focus on 




5.3 Frugal and social innovation: “doing more with less” a motivation of the entrepreneurs   
 CPlantae’s idea for the WWTP started in their home state: Puebla, Mexico (Arce, 2016; García-
García et al., 2016) and was finalized in 2012 within a university project while one of the co-founders 
was studying biotechnology engineering at Monterrey Institute of Technology. Originally, their idea 
was to construct a WWTP in the rural community to enable farmers to irrigate their crops safely and 
cultivate vegetables. However, the team was forced to halt the construction due to a lack of funds 
(Montoro, 2015). 
 
“That is the key topic: we aimed to make the most of a very small amount of money and very limited 
resources.” – Cplantae CEO replied to the interviewer’s question about how he optimized the use of very 
limited resources during the initial stage of the innovation. 
 
In the case of NETA CERO, the founder completed the first project on RWHS harvesting and purification 
at a rural school in the Sierra Mazateca (Oaxaca) (‘Blue Schools’ website, n.d.; ChangeMakers, 2017). 
The founder observed a confluence of conditions: abundant rain, large metal roofs in every 
community, municipal water grids with inadequate supply; and a population struggling for water 
access. He integrated these conditions and proposed a solution. The local mayor got to know his work 
and became a municipal contractor. Afterward, they built three large-scale systems (ChangeMakers, 
2017). 
 
The NETA CERO’s philosophy of “low-hanging fruit” resonates with previous studies on frugal ways of 
innovating with limited resources and entrepreneurs’ way of thinking in Indian contexts (Joshi et al., 
2015; Pisoni et al., 2018; Prabhu and Jain, 2015).  
 
 
"One afternoon, walking with a friend in a field near Xicohtzinco, we met an elderly farmer who was pulling 
water lilies from a lake. He told us that he used the plants to feed the animals, but he mentioned that he had 
to leave some lilies in the lake to help clean the water, as people had done in the older days. This is how the 
idea to replicate this process throughout the country came about."  - Co-founder of CPlantae 
“When I put myself in the mayor’s shoes, who has the responsibility to provide water to the local community 
with a limited budget, I saw he would want the biggest bang for his buck. So I designed a community and 
municipal-scale rainwater harvesting intervention that maximized the benefit-to-cost ratio.” - Founder of 
NETA CERO 
Frugal water innovations 
119 
5.4 Impacts of the innovations on promoting Sustainability   
CPlantae entrepreneurs received the Water and Sanitation Awasd 2016 (IDB-FEMSA) and the 
Stephan Schmidheiny Innovation for Sustainability Award in 2015, among other prices (Mexican 
Institute for Youth website). The entrepreneurs assess the impact of their venture on sustainable 
development based on the UN-Water recommendations for decentralized wastewater treatment 
systems (‘Skype interview with CPlantae co-founders’, 2018). The WWTP systems aim to treat, reuse 
or dispose of the effluent in relatively proximity to its source to protect health and the environment. 
However, no other quantitative method, such as carbon footprint methods, is being used.  
On the other hand, NETA CERO has recently calculated the carbon footprint of its RWHS systems 
using the calculator for the rainwater utilization tool. The values are around 0.02 kg CO2 /m3 of water 
over the systems’ lifetime (Cántaro Azul website.; ‘Skype interview with NETA CERO founder’, 2018). 
The founder explained that the main reasons behind the low carbon footprint is the use of existing 
infrastructure (i.e. roofs, water grid), the collection of all the rainwater by connecting to the existed 
water distribution network, and the use of solar pumping to distribute the water (‘Online - Survey for 
innovators’, 2018, ‘Skype interview with NETA CERO founder’, 2018). Moreover, the founder has 
stressed poverty reduction as a key social indicator of interest. One poverty indicator in Mexico 
referred to the provision of basic services such as water and electricity. Specifically for water provision, 
characteristics being measured are i. piped water inside the home or outside the home (but inside the 
land) (CONEVAL report 2014) and ii. fulfilment of demand of at least 50 l per person per day in rural 
areas (CONAGUA, 2016). As for economic sustainability, the founder described a ‘sustainable business 
model’ in which the product and services are offered to decision-makers in governments to address 
BOP water needs. To gain an additional, more objective analysis of the sustainability of the two cases, 
experts rated the innovations using the sustainability evaluation framework (Section 3.2). 
Step 1 – SDG violation. No SDGs were violated for the RWHS case; however, it is still unclear how the 
water is distributed after collection. Because NETA CERO uses an existing interconnected system and 
promotes participatory approaches, it can be inferred that water is distributed fairly within the 
community and mainly to the students at the school, avoiding inequalities.  The five evaluators 
identified no obvious SDG violations in the case of the ecological WWTP. However, one evaluator 
pointed out two latent ones. The first is linked to SDG 10. It was suggested that “the FI promotes 
inequality within and among countries” because it could favour those who have more financial 
resources available. The second is related to SDG 15: “The FI damages the terrestrial ecosystem and 
fosters deforestation, desertification, land degradation and biodiversity loss”, depending on the site 
where it is located. This shows an interesting ‘what if’ or ‘alert’ system for further projects, which 




Step 2 – Sustainability dimensions. In the second step, evaluators were requested to evaluate the 
positive impact on each of the sustainability dimensions (or combination of them) for every impacted 
SDG identified in the previous step. If evaluators do not perceive a positive impact, they can mark the 
field as "neutral". For both cases, at least 30% was marked as neutral; this is comparable with the four 
frugal cases investigated with this framework in an earlier study, where almost 50% was marked 
neutral (Dressler and Bucher, 2018). In both cases, the highest positive impact was on the social 
dimension with 19% (WWTP) and 31% (RWHS) (See Figure 5-4).  
     
Figure 5-4: Results of Step 2 of the framework indicated a positive impact 
on each dimension of sustainability for both the Ecological wastewater treatment plant (left) and the 
rainwater harvesting system (right) in Mexico. 
 
In this step, the evaluators also mentioned positive impacts of the innovations on sustainability 
dimensions, which are summarized in Table 5-4. 
Table 5-4: Summary of potential impacts on sustainability dimensions 








Promotes access to 
sanitation, which may 
improve human health 
 
Potential improvement 




Cheaper source of clean 
water as water reuse is 
promoted  
 
Biomass usage for 
additional income is 
possible from this type of 
system 
 
Job creation as the 
company has potential to 







for latent protection 
of terrestrial and 
marine ecosystems  
 
Higher water quality 
improves ecology 
but also increases 
usability for drinking 
water and industry 
(i.e. rebound effect) 
 
Locations with 
WWTP favoured in 
all aspects compared 











water access for the 
poor, links this to a 
poverty indicator 
 
Promotes access to 
sanitation, which may 
improve human health 
 
  
Use of existing 
infrastructure and solar 
energy (lower investment 
costs) 
 
Making access to water 
more equitable; less time 




No need for 
additional drinking 
water resources  
 

























Blue Schools project 
Do-It-Yourself approach, 
local workers involved 
 
Improved resilience to 
water scarcity 
 
Step 3 – Aspects of sustainability. In the third step, the evaluators marked elements of sustainability 
based on the previously mentioned positive effect on the SDGs (Step 2), summarized in Table 5-5. 
‘Health’ and ‘sustainable use of resources’ were the most common elements mentioned in the case of 
the ecological WWTP. On the other hand, ‘equality’, ‘sustainable use of resources’ and ‘sustainable 
living’ were the most common aspects mentioned in relation to the RWHS system. This step could help 
innovators to communicate in detail the sustainability of their project, service or product. In addition, 
it can disclose weaknesses (indicators that show a negative sustainable impact) to be addressed in the 
further development of the innovation. 
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Resilient infrastructure 
Sustainable living 
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6.1 The challenges of the innovation adoption and scaling  
The strategy of public-social enterprise partnership, along with active engagement of the 
community, prevents the low adoption rate of RWHS. The community is involved through training 
events, workshops and knowledge transfer strategies but also through do-it-yourself approaches for 
the construction, operation, and maintenance of the systems (‘Skype interview with NETA CERO 
founder’, 2018). This characteristic also resonates with frugal approaches to innovation. In contrast, 
solutions like constructed wetlands are less adopted, being society’s engagement one of the barriers 
that prevent CWs’ implementation (Fig. 5-5). To date, approximately half of the Mexican states have 
no constructed wetlands installed (Zurita et al., 2012). Research about CW has been available for the 
last 20 years, with academia being the principal promoter of these technologies in Mexico. Most 
publications refer only to experimental cases and less to full-scale applications; and focus on domestic 
wastewater, such as the CPlantae WWTP, and do not address the issue of agriculture or industrial 
wastewater (Zurita et al., 2012). Even though CPlantae’s current clients are highly engaged in 
sustainability topics, the innovators had encountered antipathy during fieldwork as water and 
sanitation themes are seen a government responsibility. Other barriers are summarized in Figure 5-5, 
including the abandonment due to limited availability of funds for pilot stages or a short-term approach 
to projects that fails to address long-term maintenance and operation (García-García et al., 2016; 
Zurita et al., 2012). Research on appropriate technology, technology adoption models (Molina-
Maturano et al., 2020b) or consumer research may improve the understanding of the adoption and 
the upscaling of constructed wetlands (García-García et al., 2016), like the study by Revollo-Fernández 
(2016) on the willingness to buy and pay for agroecological products from Xochimilco, a wetland in 
Mexico. In addition, the innovator as the bridge among different stakeholders to enable adoption and 
scaling might be an interesting study area as part of an Innovation Network that might enable scaling 
up processes (Molina-Maturano et al., 2020b). 
 
Figure 5-5: Main barriers to the implementation of constructed wetlands in Mexico 
Locally adapted solutions and manuals can be addressed by frugality principles. 
Source: CONAGUA, 2016; Ramirez-Castro (2008) 
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6.2 The motivations of entrepreneurs   
The motivations of the innovators, such as the willingness to solve a local problem creatively using 
existing local setups and the mind-set of converting a problem into an opportunity, are characteristic 
of FI. These are common themes found in previous studies of frugal innovators in other parts of the 
world (Joshi et al., 2015; Sarkar and Pansera, 2017b), especially in the early stages of the innovations. 
Both innovators labelled their companies and themselves as social enterprises and social innovators, 
respectively. However, their approaches fit the FI concept too, based on the innovator’s motivation 
and the features of the innovation itself (Section 5.1.1).  The “optimized performance level in local 
conditions” feature also resonates with the “catalytic innovation” characteristic of offering simpler and 
less costly solutions than existing ones that users consider adequate (Christensen et al., 2006). 
Moreover, this resonates with constructs of ‘opportunity discovery’ and ‘opportunity creation’ 
recently explored through a survey of 62 Mexican social entrepreneurs from diverse impact areas: 
Human Rights, Economic Development, Education, Environment, Citizenship, and Health (Félix-
González et al., 2017). Further studies applying quantitative methods such as SEM (Structural Equation 
Modelling) to this respect would help to understand the similarities or differences among types of 
entrepreneurs. From a frugal design perspective, a recent concept echoing the found problem-solving 
driver of the innovators is the so-called frugal bio-inspiration (Graeff et al., 2019). It highlights the 
unified-driven problem as a step of the design process to solve it inspired in nature, this also opens 
further research lines on the design of nature-based solutions. 
6.3 Impacts of the innovation on the Social Dimension of Sustainability  
Social sustainability themes such as poverty reduction, employment, and food security have been 
previously identified in studies analyzing FI in India and Africa (Hyvärinen et al., 2016; Khan, 2016a; 
Pansera and Sarkar, 2016). However, in the case of the WWTP, these themes are addressed to a lesser 
extent (See Fig. 5) even though CPlantae presents itself as a social enterprise (CPlantae website, NETA 
CERO website). The food security of farmers’ households was acknowledged by the founders during 
the start-up phase of the innovation (ChangeMakers, 2017), now they plan to concentrate on fostering 
and increasing the employment in local communities and specifically target unserved communities.  
NETA CERO targets the BOP population’s need for water access and contributes to reducing 
poverty. Although its main clients are municipal leaders and decision-makers in remote communities, 
the company involved the BOP and works directly with marginal communities. The local community is 
engaged in the design and implementation of the RWH solution through an integral program in 
marginalized communities’ public schools (known as Blue Schools). It integrates education and 




It first started as a non-profit program aiming to promote self-sufficiency in rural schools and health 
clinics in partnership with the International Rainwater Harvesting Alliance (IRHA Switzerland) and the 
International Renewable Resources Institute (IRRI Mexico). However, the program has been put on 
hold for now due to emerging collaborations with other initiatives (‘Skype interview with Co-founder 
of NETA CERO’, 2018).  
 
Although social entrepreneurship research has been developing over the last 20 years, it remains 
in an early stage because of the lack of empirical studies (Short, Moss and Lumpkin, 2009). Similarly, 
the concept of frugal innovation is still developing and related definitions are still being studied. Also, 
recent literature shows that the concept might depend on the geographical region (Molina-Maturano 
et al., 2020b). Hence, the present work, therefore, does not aim to advance these social or catalytic 
innovations concepts due to its explorative nature but to open further discussions about the 
intersection with frugality in the region’s water sector. 
The context and available data of the selected case studies also bring their challenges for the 
applicability of a quantitative approach, mainly due to the lack of databases and information to gather 
a suitable sample size. As a result, an explorative case study design has been applied and combined 
with an evaluation of the sustainability of the two cases. As an additional benefit, the utilized 
sustainability evaluation framework was validated using multiple experts and scholars. As described, 
the used framework focuses on sustainability in detail, incorporating the SDGs and the three 
dimensions of sustainability. 
For fields of research with enough data available, the use of a comprehensive approach like the life 
cycle sustainability assessment or a calculation of the ecological footprint would probably add even 
more insights on the actual sustainability of an innovation and can potentially be combined with the 
framework used in this article, e.g. to evaluate the detailed impact of each one of the five stages of the 
life cycle on sustainable development on the 17 SDGs. Another limitation concerning the SDG 
framework has to do with the level of contradiction among SDGs; especially the pursuit of economic 
growth and consumption that underlies the inconsistencies between the economic and social 
development and the environmental goals (Hickel, 2019; Swain, 2018; Zeng et al., 2020) (Hickel, 2019; 
Swain, 2018; Zeng et al., 2020). Degrowth is an emerging topic in which constraint based and frugal 
innovations can be discussed further. 
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Two water innovations in Mexico were explored in this study: an ecological wastewater treatment 
plant (WWTP) by the CPlantae company, and a rainwater harvesting system (RWHS) for rural 
communities by NETA CERO.  Using an online questionnaire and expert interviews, the tools and 
indicators currently being used by the innovators were explored as well as their motives. The 
evaluation of the sustainability of both cases showed that they don’t infringe on a single SDG and have 
a positive impact on all three dimensions of sustainability with a slight emphasis on the social 
dimension. Multiple experts rated the cases and validated the sustainability evaluation framework. 
The framework proved useful to unravel or separate potential impacts on sustainability and link them 
to certain aspects or features of the innovation or project, regardless of whether the innovation is 
labelled as social, catalytic or frugal. It may also be useful for social enterprises to identify, reinforce 
and communicate their positive impact on the SDGs and dimensions of sustainability. Moreover, this 
tool may be useful to identify unsustainable aspects in the early stages.  
In the specific case of the wetlands, it was discussed how the innovators can propose solutions to 
the challenges of technology adoption and diffusion and their role as a link between academia and 
inclusive business. Similarly, in the case of the RWHS, the innovator acts as the link between the 
community and the municipalities (local governments) interested in the innovation to achieve poverty 
reduction targets. For both cases, the origins of the ideas and strategies used by the entrepreneurs 
were similar to those described in previous studies on FI (Agarwal et al., 2017; Levänen et al., 2015). A 
context-specific comparison was conducted, showing that the case studies (which frequently referred 
to social innovations) share commonalities with the main features of FI (Weyrauch and Herstatt, 2017) 
and catalytic innovation (Auvinet and Lloret, 2015).  The entrepreneurs also recognized FI features in 
their own innovations even though they did not label them as such. 
The main limitations of the present work are due to its explorative nature and the selected sector, 
which is of global importance, but still quite specific. Investigating other sectors and contrasting cases 
in Mexico and the Central and South American region, in general, should provide additional insights 










The two key methodological recommendations for further research are to conduct complementary 
i. a quantitative analysis that would naturally improve and deepen the analysis; and ii. qualitative 
analysis to advance the framework developed in the water sector. Other methodological 
recommendations for further research from an economic perspective, include cost-benefit analysis, 
cost comparison among treatment options, willingness to pay and consumer preferences. 
As for quantitative analysis, this includes applying SEM (Structural Equation Modelling) to 
understand the profiles of eco-preneurs, social and frugal innovators, previously conducted in other 
regions such as India (Singh and Cooper, 2017). Similarly,  Shibin et al. (2018) show potential venues 
for further research by adapting mixed methods approaches, for an established sector like the car 
industry in India. This is made possible by the existence of proper databases containing secondary data 
of enterprises. Moreover, it is argued that context or sector specificity is important in sustainability 
assessments, which for a smaller sector makes it particularly challenging to find enough cases that can 
be compared. In this context, explorative qualitative and mixed-method research allows studying 
phenomena in detail and within their context. Using a mixed-methods approach to study SMEs of 
established sectors like the car industry in India (Shibin et al., 2018) shed light on details to be 
considered in future quantitative studies when proper database exists with social enterprises’ 
secondary data. For quantitative analysis, the framework development might benefit from larger 
comparative case studies to integrate relevant local water-related indicators i.e. water availability and 
poverty targets, making it more locally relevant. Further and complex analyses might be also of 
interest, such as the ecological footprint or the LCA (Hyvarien et al., 2016). However, special attention 
needs to be taken to balance the complex and exhaustive data gathering and analysis by the final users 
or practitioners. It means a fair balance between a good-enough simple and relevant sustainability tool 
that can be adopted not only by researchers but also by the innovators and local communities.  
To generalize the results, additional studies on the sustainability (potential and pitfalls) of water 
decentralization in Mexico (Wilder and Romero Lankao, 2006) are necessary. Further empirical 
research is also necessary to explore the relationships among social enterprises, catalytic innovations, 
and eco-technologies in general. The commonalities of frugality found in the Mexican context opens 
doors and indicates the need for further research on these three types of innovation. Specifically for 
wastewater treatment solutions, it is recommended to take the recent Resource Recovery and Reuse 
(RRR) discourses related to business model creations such as water reuse or fertilizers  (Lazurko, 2018; 
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ALIGNING INNOVATION SCALING AMBITIONS TO 











This chapter’s section 1 & 2 are partially based on a published Technical Note. 
Laso-Bayas et al. AgroTutor: A Mobile Phone Application Supporting  
Sustainable Agricultural Intensification. Sustainability 2020, 12, 9309.  
The author contributed with the field feedback summaries and  





This chapter addresses the association between the scaling attribute of constraint-based innovations 
(Chapter 1 and 2) and ex-ante sustainability assessments by developing a first version of a toolkit for 
researchers to define a responsible scaling ambition. Scaling in agriculture refers to the adaptation, 
uptake and use of innovations across broader communities of actors and geographies (Eastwood et 
al., 2017). The scaling processes should consider the what, why and how of scaling in their specific 
contexts to avoid unintended consequences (Woltering et al., 2019) and do it in a responsible manner. 
First, as a foreword, the potential of constraint-based innovations for Citizen Science are outlined as 
well as the challenges faced to measure their impact at scale under the Agenda 2030 umbrella. Then, 
the development and test of a rapid toolkit is detailed as well as the main learnings of developing such 
tools. The toolkit can be used as a compass for researchers and CS teams to define scaling ambitions 
that are sustainable and responsible. The study departs from a logical framework, and integrates a tool 
for sustainable systems change at scale, and a sustainability assessment module. This compass toolkit 
was tested with academic experts for content, usability and preferred format using a hypothetical case. 
It was found that the novel toolkit has a potential use, especially in early stages of a project, in contrast 
with existing assessments tool which mainly tend to focus on the end of projects. Preferred formats 
include web-based format and workshops aiming to bring together a rich diversity of views and 
information. Further development of the tool is on-going and includes displaying it as a stand-alone 
website, and the validation with real cases both in an agricultural and non-agricultural context. 
Nevertheless, this exploratory study offers insights into the cross-pollination of literature from 
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The next chapter is a more practice-oriented study that aims to operationalize the starting framework 
for agricultural constraint-based innovations, identified in chapter 2 (Fig. 6-1), with a special focus on 
the scaling attribute of these type of innovations. To do so, a toolkit is developed which allows 
practitioners to design a responsible and sustainable scaling ambition. As well, this chapter aims to 
situate constraint-based innovations into the complementary research fields of agricultural Citizen 
Science and crowdsourcing applications, that aim at smallholder farmers’ participation and 
development outcomes. This responds to the need for theoretical approaches tackling the intersection 
between people- and product or service-centered approaches identified in chapter 1. Therefore, it 
opens the debate on the role of constraint-based innovations (e.g frugal innovations) to engage 
citizens and/or civil society organizations alongside innovators in the agricultural Citizen Science, and 
crowdsourcing projects targeting the BOP. Even though, the following chapter focuses on Citizen 
Science projects and the scaling attribute, the involvement of broader actors during the design echoes 
a second attribute identified in chapter 1: the participation in innovation networks (Fig. 6-1). The role 
of grassroots organizations and local communities has been mentioned as a key enabler for 
participation in Citizen Science projects that promote ‘Do-it-yourself’ and in frugal innovations (DITO 
Project; Göbel et al., 2019) 
 
Figure 6-1: Operationalize the framework to study agricultural constraint-based innovations 
Furthermore, there is a raising interest of scholars in agricultural research for using Citizen Science 
and crowdsourcing applications (Beza et al., 2017; Minet et al., 2017; Steinke et al., 2020; Van Etten, 
2011). Although they were not always called Citizen Science or crowdsourcing projects, there is a long 
tradition of participatory approaches in agricultural science, aimed at bridging the gap between 
scientists and farmers. Moreover, innovative ICT approaches could be designed to increase the 
participation of farmers in scientific research and development (Minet et al., 2017). Recently, it is 




more diverse ways of distributing work across stakeholders and aligning this kind of work with different 
types of motivation to participate (van de Gevel et al., 2020). This is also the case for the AgroTutor 
case study that was proposed as a constraint-based innovation in chapter 2 and 3, which is applying 
crowdsourcing along its development. For example, farmers are encouraged to contribute in-situ 
information (e.g., soils, management, and yield data), and then that information is used in crop models, 
which, in turn, would send tailored results back to the farmers (Laso Bayas et al., 2020). Moreover, 
projects such as AgroTutor could provide contributions to the Sustainable Development Goals, either 
by advancing their implementation or by providing local data systems to measure and monitor specific 
indicators (e.g. the proportion of agricultural area under sustainable agriculture) (Laso Bayas et al., 
2020). Nevertheless, evidence is still needed especially in the scaling phase because innovations might 
have unintended negative effects e.g. exclude certain groups. Furthermore , researchers have raised 
concerns about privacy issues and other barriers to participation that might hamper the applications 
in agriculture (Kos and Kloppenburg, 2019; Minet et al., 2017). Future research should not ignore the 
mentioned concerns, and instead explore how constraint-based innovations can lead to inclusion 
(Howell et al., 2018). Therefore, the present chapter describes the development of a first version of a 
toolkit for practitioners to design a responsible and sustainable scaling ambition. Scaling refers to the 
adaptation, uptake & use of innovations across broader communities of actors and geographies 
(Eastwood et al., 2017). When considering the accountability and reflection about the negative 
unintended effects this calls for the outline of a responsible scaling approach and recently science of 









Chapter 6  
131 
 
The United Nations 2030 Agenda for Sustainable Development, with its 17 SDGs and 169 targets, 
calls for sustainable transformation of societies across the world. Even with its limitations (Zeng et al., 
2020), it is one of the most ambitious global agreements in recent history and represent a framework 
towards which any activity can be evaluated. Having only 10 years to achieve the goals, there has been 
a growing interest on the potential contribution of Citizen Science (CS) and crowdsourcing applications 
to the SDG process; and for bringing innovation potential for science, society and policy (Kieslinger et 
al., 2017). Countless development and Citizen Science projects have piloted solutions that could make 
a difference if only applied at scale to contribute significantly to achieving the UN Sustainable 
Development Goals (SDGs) (UN website, 2021). Scaling is the process of expanding beneficial 
technologies and practices over geographies, and across institutions and levels to impact large 
numbers of people (Eastwood et al., 2017; Glover et al., 2016). Academics have called for the 
mobilization of citizens to track sustainability and generate data where official statistics are missing. 
Citizen science approaches have the potential to support the definition of indicators, monitoring and 
implementing the 17 SDGs (Fraisl et al., 2020; Fritz et al., 2019).  
However, one of the main challenges for Citizen Science (CS) is to measure the impact and 
formulate indicators that are meaningful for stakeholders (EC, 2020) as it involves different actors 
(NGOs, citizens, academy, public authorities, museums) interacting in a complex way  (Wehn et al., 
2020). Measuring CS impact remains a challenge and has been performed only at a macro level (EC, 
2020).  Moreover, the potential must yet be unraveled at scale to contribute meaningfully to the SDGs 
process, and to move from local to regional or even country levels. However, the scaling processes 
should consider the what, why and how of scaling in their specific contexts to avoid unintended 
consequences (Woltering et al., 2019). Scaling in agriculture normally refers to the adaptation, uptake 
& use of innovations across broader communities of actors and geographies (Eastwood et al., 2017) 
that joined with accountability and reflection of unintended effect, outline a responsible scaling. 
Although CS applications in environmental topics have the greatest potential to contribute to SDGs 
(Fraisl et al., 2020), there are few examples in agriculture (Minet et al., 2017; Van Etten, 2011), and 
few applications targeting small-scale farmers that take into account unintended consequences 
resulting from the increase of Information and Communication Technologies (ICT) such as the digital 
divide.   
Even though not always termed “crowdsourcing” or “Citizen Science”, a variety of agricultural 
development projects integrate mobile phone technologies intended to scale and contribute to the 




other disciplines addressing this, systems approaches and the interdisciplinary study of systems offer 
a way forward to understand the complexity of development challenges. A system is a set of connected 
interdependent elements as a web of interrelations (Meadows, 2009), system approaches focus on 
relationships versus components, but these approaches are still the exception rather than the rule in 
scaling agricultural innovation (Senge et al., 2015).   
Hence, a systemic approach to responsible scaling is worth to explore further and to find practical 
applications taken from research for development interventions in agriculture. Similarly, current 
Citizen Science (CS) or Citizen Observatories (CO) impact assessment efforts could benefit from 
systems change approaches to responsible scaling to unleash their contribution to SDGs; and move 
towards approaches to scaling in a responsible and iteratively way (Wigboldus et al., 2016). It is 
therefore important to (1.) define the scaling ambition and (2.) assess the impact of the scaling 
ambition and the associated risks beyond the geographic, social, and time boundaries set by the 
project. In this context, responsible scaling has gained attention, with tools developed such as ‘The 
Scaling Scan’ (Schut et al., 2020). To date, a tool for Citizen Science projects has not been developed 
nor has empirical research examined ingredients for a responsible scaling of these projects, specifically 
during the pilot and demo phases.  
The purpose of this research is to develop and test a rapid toolkit as a compass for researchers and 
CS teams to define scaling ambitions that are sustainable and responsible. Therefore, it will couple the 
UN SDGs, responsible scaling and Citizen Observatories and Citizen Science impact approaches found 
in literature into a comprehensive toolkit. This study constitutes a novel contribution to further define 
potential outcome of success rooted on the SDGs in early stages of a CS project in contrast to just at 
the end, but also, to draft mitigation plans and recommendations for further developments based on 
responsible scaling.  
The chapter is structured as follows. The literature reviewed is summed up in section 2 and serves 
as the theoretical background of the present work towards developing the toolkit. In Section 3, the 
methodology and development of the toolkit is described in detail. The development of the toolkit and 
preliminary feedback from the testing phase is discussed in section 4 (Results and discussion). 
Limitations are discussed in section 5 and learning from the experience in Section 6. Finally, in section 
7, conclusions, recommendations, and the research outlook are presented. The respective changes to 
improve the toolkit based on the results are also enlisted in section 7. 
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2.1 Measuring impact of Citizen Science and Citizen Observatories projects 
Citizen Science struggles to measure the impact, devise indicators that are meaningful for 
stakeholders; and to emphasize its value in research and innovation processes (EC, 2020). Therefore, 
efforts applying different approaches to impact assessment have been developed either as part of a 
Citizen Observatory (CO) or Citizen Science (CS) project to address the challenge of measuring CS 
impacts (Table 1). An effort in the European context to this respect is the on-going MICS project 
(https://mics.tools) aiming to develop metrics and instruments to evaluate Citizen Science impacts and 
their cost-benefit. Another recent effort is the CS Track project that aims to broaden the knowledge of 
the potential benefit of Citizen Science activities on individual citizens, organisations, and society 
(https://cstrack.eu/). Commonly, the existing CS projects applied an impact assessment based on pre-
defined indicators of social and environmental impacts at different levels of society: academic, citizens 
and policy-makers. From the projects that applied impact assessments, only GroundTruth 2.0 explicitly 
expressed economic impact in its impact assessment to promote market uptake (Table 6-1). Half of CS 
projects seems to aim at scalability from local to regional or country level. However, no available 
scaling ambition or plan could be directly linked to the SDGs (Table 6-1). Furthermore, CS projects focus 
mostly on environment managemental and citizens in typically urban areas. There are few projects in 
rural areas around agricultural applications with farmers, as shown in Table 6-1 to compile and pointed 
out before in literature (Minet et al., 2017). Only the GroundTruth 2.0 project includes demo cases in 
Zambia and Kenya, and the LandSense project aims at agricultural (land use, landcover) applications. 
Contrary to general approaches to assess impact at the end of the project, the GroundTruth 2.0 and 
Making Sense projects followed a participatory and iterative process for defining indicators at a 
community level. Therefore, the GroundTruth 2.0 methodology for Validation and Impact Assessment 
(Wehn et al., 2020) results in a suitable option to explore in rural areas outside Europe when iterative 
approaches are preferred for defining indicators. The GroundTruth 2.0 project developed a logic of 
Citizen Observatories (CO) impact intervention based on EC (2015) and draw on generic approaches 
such as Impact Assessment, Evaluation, Theory of Change, Outcome Mapping and Environmental 
Impact Assessment (Fig. 1). A similar matrix approach was also proposed to guide outcome evaluations 
for tracking informal learning in a systematic way (Phillips et al., 2018, 2012). Even though the scale of 
a Citizen Observatory (CO) compared with crowdsourcing applications in agriculture is different, the 
CO demo cases are comparable to geographical areas where applications are being tested and are 














Name of the 
Report/Source 
Reference Website 
CS track EU 
 
 
Across topics European partners 
Disseminating good practices and 
formulating knowledge-based policy 
recommendations to maximise the 
potential benefit of Citizen Science 
activities on individual citizens, 
organisations, and society at large. 
No Yes, European area. 
Deliverable 2020: web-based 
and other tools and 
frameworks for analysing CS 
activities  
Outputs planned for 
2021 
https://cstrack.eu/ 
CurieuzeNeuzen Air pollution Belgium 
Longitudinal, multiple-group quantitative 
field study across 3 societal groups: 
citizens, policy-makers and academics. 
No Yes, at regional level 
Societal impact of the CS 
project "CurieuzeNeuzen 
Vlaanderen" 
Van Brussel & Huyse 








eu.citizen.science Various Various 
Evaluation and impact framework define 
the indicators, instruments and time plan 
for the internal evaluation of the project 
objectives and an assessment of the 
achieved impact during the project period. 
Output, intermediate outcome, long-term 
outcome. 
Partially yes (Fig. 2) No 
Deliverable 7.1. Evaluation & 
Impact Framework 










GroundTruth 2.0 * Water 






Iterative logic of intervention (set up and 
validated 6 CO in real conditions). A 
combination of approaches including 
Theory of Change 
No  
Yes (market uptake 
strategy) 
Methodology for Validation 
and Impact Assessment 
Deliverable D1.10 https://gt20.eu/  
GROW* 
Climate, soil and 
food 
Across 13 European 
countries 
Environmental and social generic impacts No No Impacts 
GROW Summary Report 
p. 79 Impacts 
https://growobserva
tory.org/ 








Across various pilot 
sites within the EU 
Linked with WeObserve (community level 
indicators). Based on key performance 
indicators for dissemination and 
communication tools.   
No 
Yes, partially for using 
regional data 
Impacts and Monitoring and 
Evaluation 
Deliverable 6.2 













Participatory sensing. Defined community 
level indicators (accountability, community 
assessment, short-, long-term evaluation, 
policy change, capability). Tracking change 
(indicators, strategy, and data acquisition). 
No No 
Assessment of impact and 
policy outcomes using 
community level indicators 




Measuring Impact of 






Metrics and instruments to evaluate 
citizen-science impacts on the environment 
and society 
Yes No 
Project scoreboard and 










Figure 6-2: Logic Framework approach  
dotted lines are steps under external factors. The concept is the what and how to manage problems 
(adapted from GroundTruth 2.0 logic of intervention). 
In contrast, other studies have referred to CS and impact from an academic standpoint such as the 
MoS (Measures of Success) evaluation tool for Earthwatch-supported projects (Chandler et al., 2017). 
These includes 12 general indicators related to scientific publications, engaging users, partnerships, 
informing policies and environment. Similarly, a science products inventory (SPI) tool has been 
iteratively developed through an expert panel and case studies, mainly related to science productivity 
(Wiggins et al., 2018). Moving beyond academic products, Kieslinger et al. (2018) propose a citizen 
science evaluation framework that integrates three assessment dimensions: scientific advancement, 
citizen engagement and socio-ecological/economic impact (Fig. 2). The framework contains an 
evaluation criteria matrix and the supporting questions can be tailored to different purposes during 
the project phases (Kieslinger et al., 2018, 2017).  
Citizen Science and the Sustainable Development Goals 
Although the actions towards SDGs are to be implemented by nations and any actor of society such 
as researchers, they also represent a framework towards which any activity or innovation can be 
evaluated. Very few attempts have been done to systematically match CS project outcomes and 
assessments with the Sustainable Development Goals (SDGs). One attempt initially matched CS 
indicator (s) with the SDGs and with the ‘Monitoring the evolution and benefits of Responsible 
Research and Innovation’ (MoRRI) framework. This attempt is shown for the eu.citizen.science project 
(Schaefer and Kieslinger, 2019) (Fig. 6-2). MoRRI was a project tasked with implementing a monitoring 
system for responsible research and innovation (RRI) across its five dimensions (gender equality, 
science literacy and science education, public engagement, ethics, open access/open data), and 
governance. In addition to identifying indicators for the evolution of RRI, it identified social, 
democratic, economic and scientific benefits of RRI, and also conducted preliminary work to lay out 
routes towards implementing impact indicators (morri-project.eu/) (EC, 2018).  
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The eu.citizen.science project highlighted the following SDGs to which the expected outcomes might 
mostly contribute to: 
- Goal 4 Quality education and the degree of global and citizenship education for sustainable 
development 
- Goal 16 Inclusive institutions to provide public access to information and ensure inclusive and 
participatory decision making.  
Governance and participation seemed to be a pre-existing and given contributions as it is inherent to 
a citizen project in which the participation and agency of citizen is considered. However, a detailed 
reason/explanation and a further assessment have not yet been completed and no SDGs outcomes or 
indicators were defined by the team at early stages of the project. Like the impact assessments found 
in literature (Table 6-1), the abovementioned example (Fig. 6-2) does not integrate an SDGs 
assessment as such. Plenty of sustainability assessments exist for products and services (e.g. Life Cycle 
Assessments (LCAs), ecological footprints); and sustainability assessment methodologies for projects 
in general (Sala et al., 2015). Most recently, a discussion is taking place about the role of Citizen Science 
in sustainability transitions (Sauermann et al., 2020). However, these approaches are normally data 
exhaustive, requiring a certain level of knowledge and taking long time spans. An ideal SDGs framework 
for CS should be a rapid and comprehensive assessment adapted to constraint-based contexts 
considered the lack of data in remote rural areas. Moreover, the assessment does not only need to be 
addressed at the end of the project or when the product/service is finished, but rather from its early 
design through the innovation and improvement process (von Geibler et al., 2019). Because of a 
resource-constraint context where farmers live, the comprehensive Sustainability Framework 
Assessment (Dressler and Bucher, 2018) is explored as a feasible option to be adapted and to integrate 
it to what has been previously used for assessing sustainability of different innovations (Dressler and 
Bucher, 2018; Molina-Maturano et al., 2020a). 
2.2 Responsible Scaling of agricultural innovations & crowdsourcing applications  
Agriculture lies at the heart of sustainable development and because of its centrality to Sustainable 
Development Goals, potential for synergies and trade-offs arise (Kanter et al., 2018). Although not 
always labelled as Citizen Science or crowdsourcing applications, a long tradition of setting up 
participatory approaches exists in research and development projects in agriculture, attempting to 
facilitate the farmers-researchers interactions or to simply collect and aggregate agricultural 
information from farmers (Beza et al., 2017; Minet et al., 2017; Van Etten, 2011). Successful examples 
include participatory learning applied to agricultural research and development projects, helping to 
bridge the gap between scientists and farmers (Pretty, 1995). More recently, crowdsourcing 




(Van Etten, 2011; van Etten et al., 2019), weeds and pest disease identification (Emeana et al., 2020; 
Minet et al., 2017).  Recently, Beza et al. (2017) identified crowdsourcing of farmers’ data as an 
alternative way of getting field observations to conduct yield gap analysis, alongside with remote 
sensing and sensor networks. Nevertheless, the uptake, scale and sustainability of the projects still 
face challenges of impact (Woltering et al., 2019). Moreover, other factors such as mobile ownership, 
different groups involvement in decision making or gender-related factors can also play an important 
role but rarely aspect in existing research on mobile agricultural services (Baumüller, 2018). For 
example, a study of M-Farm, an app that connects buyers and farmers in Kenya finds that women felt 
empowered by their participation in the training on how to use the m-service because it had 
familiarised them with the use of the mobile phone, which they were then able to use for other 
purposes (Baumüller, 2015). Also, a study shows that women are equally interested in the agricultural 
extension information but appear less able to act on it because of their limited direct involvement in 
agriculture (Mittal, 2015). 
Collaborative projects in both research for development, and Citizen Science (and crowdsourcing) 
represent farmers enabled by Information and Communication Technologies (ICTs), and involve 
communities of actors such as extension agents, scientists interested in field data collection, and 
decision makers, as well as sector data aggregators engaged in complex system and social practices ad 
behaviours (Wehn et al., 2020). Similarly, scaling agricultural innovations is recognised as complex due 
to the overlapping areas (economic, social, technical, and political) and actors across them (Woltering 
et al., 2019). Hence, capturing progress, outcomes and impacts in CS projects requires a tailored 
conceptual frame that captures (un)expected, (un)intended, positive/negative outputs (Wehn et al., 
2020). The later resonates with a call by researchers for responsible scaling in agriculture around 
recognising that large changes may have “unintended consequences for the population, 
geography/landscape, value chain, or society concerned” (Schut et al., 2020). Scaling in agriculture 
normally referred to the adaptation, uptake & use of innovations across broader communities of actors 
and geographies (Eastwood et al., 2017). When considering the accountability and reflection about the 
negative unintended effects this calls for the outline of a responsible scaling approach (Fig. 6-3). It is 
therefore important to anticipate the impact of reaching the scaling ambition and the associated risks 
beyond the geographic, social, and time boundaries set by the project. With these considerations in 
mind, Jacobs et al. (2018) propose a “Responsibility Check” of scaling's potentially negative side effects 
on social (gender and age equality, inclusiveness, power equity, resilience) and environmental (use and 





Figure 6-3: Responsible scaling components 
Toolkits are being used as well to define a complete scaling strategy or scale a project/programme 
such as SUM (Scaling Up management framework), IFAD framework, ASAT (Agricultural Scalability 
assessment tool), GIZ Guidelines and The Scaling Scan. An overview of these tools to support frame 
scaling can be found in (Woltering et al., 2019). However, they are meant to evaluate readiness or a 
proper final strategy, and most tools required extensive and detailed information. Just few examples 
of rapid tools for early phases exist. An example is for instance ‘The Scaling Scan’ by PPPlab & CIMMYT 
(Jacobs et al., 2017) which focuses on parts of the ambition and then is suitable for testing ideas of 
new features both technological and non-technological. Nevertheless, the first step of this tool does 
not include SDGs and indicators, nor a specific invite for responsible and ethically data management 
for smallholders relevant for mobile phone applications in CS. Crowdsourcing applications in 
agriculture cannot only provide inputs that meet the agricultural researchers’ needs, but also help 
closing the knowledge dissemination loop between researchers and practitioners and foster farmer-
to-farmer interactions. Therefore, the development of such applications must consider the role of 
smallholder farmers with respect to the Sustainable Development Goals (SDGs) who play a double 
function in the adoption of the SDGs and their socio‐economic limitations that have made it difficult 
for them to fulfil the expectations as promoters of sustainable development (Terlau et al., 2019). The 
present work aims to develop a toolkit for Citizen Science contexts and complement it with further 
recommendations for responsible data management with already existing tools such as a checklist for 
effective design of digital Decision Support Systems (Rose et al., 2016), a data ethics checklist, FAIR 







As a first step, literature was conducted to identify frameworks already assessing impact of Citizen 
Science, Crowdsourcing or Citizen Observatories. In addition to academic sources, grey literature, 
deliverables and reports were used in this step because updated information can be found there as 
projects are on-going and limited publications were found. In addition, review of literature on systems 
approaches to scaling agricultural innovation was conducted in the context of agricultural 
development projects. A database was produced and managed in the NVivo software. Based on the 
applicability of literature findings to CS/Crowdsourcing projects in resource-constraint contexts (e.g 
agriculture, rural areas outside Europe) a logic of intervention was selected. The selection was 
informally discussed with 4 experts and practitioners to assess its applicability in terms of coherence 
with the objective of the toolkit and the comparable size of the demo sizes used in Citizen 
Observatories (CO) in comparison with regions where scaling ambitions are aimed to be pilot-tested in 
a second phase. Afterwards, an Excel-based tool was developed integrating a logic framework 
approach, derived from existing CS projects (GroundTruth 2.0 logic of intervention) and a practical tool, 
currently being applied to determine strengths and weaknesses of scaling ambitions for agricultural 
innovations (Jacobs et al., 2017). Then these approaches were coupled to an existing SDGs framework 
(Dressler and Bucher, 2018; Molina-Maturano et al., 2020a), which was developed to evaluate 
constraint-based innovations in South African and Mexican contexts, and which was further improved 
and adapted.  
To gain early feedback on the relevance of the toolkit relevance, four additional semi-structured 
informal interviews were conducted about the existence (or not) of this type of tools and the need for 
having such a toolkit. Additionally, a usability survey was designed, and the toolkit was tested by 7 
practitioners at the International Institute for Applied Systems Analysis (IIASA). The survey included a 
section for the position and working topics of the respondent, questions about the toolkit content and 
usability (easy-to-use, etc.) and open questions for feedback and recommendations (Appendix 5.A). 
Finally, the tool was used by an app developer, project manager, CS practitioner in a hypothetical case 
during a 1-hour workshop session. The participants were also asked to respond to the survey. Figure 
6-4 shows a sketch of the methodology employed and the sequential steps taken.  
 
Figure 6-4: Flowchart of the methods applied 
1. Literature Review
- CS impact assessments 
- Scaling approaches in agriculture
2. Developing the Toolkit
- SDGs integration
- Link to logical frameworks
3. Testing phase
- Senior researchers




4.1 Findings of the development phase: a toolkit to define Responsible Scaling Ambitions 
The development of such a toolkit integrated a SDGs assessment/framework into current CS 
approaches of impact definition and measurement. This integration brings closer systemic approaches 
for ‘responsible scaling’ (research-for-development) to agricultural Citizen Science and crowdsourcing 
applications. The toolkit consists of 3 steps process (Fig. 6-5) to serve as an initial guide for developers 
and practitioners towards designing for responsible scaling during the early stages of an agricultural 
CS application development or project. The tool can be used as a planning instrument for designing 
projects, but also as a mid-term self-evaluation for projects. It is not aimed to assess and develop a 
complete scaling strategy, a final evaluation process or as an external evaluation for funding agencies. 
From a project cycle standpoint, it has been recommended to start with articulation of project 
outcomes, then working backwards to determine not only what can be achieved and how, but also 
what can be reasonably measured (Phillips et al., 2018, 2012). Hence, the 3-step process included in 
the toolkit (Fig. 6-5) supports practitioners to define outcomes and a scaling ambition that is 
responsible and is grounded in and triggered by the SDGs. In addition, the results can be easily coupled 
to current Citizen Observatory logic of intervention or used in proposals to define impact on SDGs. The 
respondents can choose to go through the toolkit individually or invite collaborators. Ideally, a 
moderator, a small group with different perspectives and a workshop setting are recommended.  
 




In the current Excel-based version (Appendix 5.B), the toolkit starts at the About tab where a 
description of the tool is showcased (what? why? to whom? /who? when?). The 3-steps are described 
briefly and a scheme of the results obtained in each step. Additionally, limitations of the tool are 
communicated to the user. Under Start Here tab, the information of the case to be evaluated are 
required as well as the instructions on how to fill in the toolkit. In general, the respondents need to fill 
in the cells in blue colour and only go through the yellow tabs for the rapid version. Additional 
(recommended) but optional checks were also added in grey tabs. In the following paragraphs the 
three steps are described in detailed. 
Step I: Construct a scaling ambition  
This step is based on the Step 1: Construct your scaling ambition of ‘The Scaling Scan’, a practical tool 
to determine the strengths and weaknesses of a scaling ambition (Jacobs et al., 2017). The objective 
of this step is to come up with a scaling ambition that is realistic, responsible, and geared towards a 
sustainable system change. The scaling ambition describes what the respondent(s) wants to scale, for 
whom, where and when. The ‘Responsibility Check’ includes a list of 7 topics and questions to assess 
the impact of reaching the scaling ambition and the associated risks (Jacobs et al., 2017). Among others 
the check contains questions about inclusiveness and power equity covering social and environmental 
sustainability (Fig. 6-6). If the respondents need an extended assessment or if the ambition is closer to 




Figure 6-6: Step I aim at define a responsible scaling ambition.  
Based on The Rapid Scan  (Jacobs et al., 2017)  
The Responsibility check keep the very same 7 categories of the ‘The Scaling Scan’ and is one of the 
added values of the tool for researchers to reflect on gender and age equality, inclusiveness, power 
equity, resilience, use and quality of resources and climate change.   
Step II: Find out what is responsible (SDGs check) 
This step is based on the SDGs evaluation framework previously applied to different innovations in 
different geographical zones (South Africa and Mexico) (Dressler and Bucher, 2018; Molina-Maturano 
et al., 2020a) and adapted to a CS context (Fig. 6-6). In comparison to the original framework, potential 
negative effects and infringed SDGs are also accounted for. The objective of this step is to identify 
which feature(s) of the scaling ambition defined in Step I contribute(s) positively or negatively to SDGs 
goals. This is done first by going through each SDG, answering if the ambition infringes or not the SDGs 
and explaining briefly the answers. Then, the participant specifies which specific features of the 
ambition could contribute positively (labelled as ‘Green Flags’), and have potential to define, monitor 




(technology, setting, etc.) that can be delivered by the project and team. Features that have a potential 
positive contribution to SDGs, are categorized as ‘Social + institutional’, ‘Economic’ and 
‘Ecological/Environmental’ clusters using elements of sustainability. If the ambition and features 
infringe SDGs (or have potential negative impact), these are labelled as ‘Red Flags’ or points of 
attention that need a preliminary mitigation plan. In addition, for every mitigation plan, the means of 
verification and source of data to check through the project cycle are required. Finally, the results are 
summarized as the number of ‘Red Flags’ and ‘Green Flags’ and the clusters under which the positive 
and negative features might fit. Results of Step II also show if there is a mitigation plan for every ‘Red 
Flag’. Contrary to other SDGs Impact Assessment Tool (IAT), and impact approaches in CS shown in 
Table 1, the toolkit here presented includes additional SDGs targets and indicators check (to monitor 
and/or measure) due to the potential of CS to contribute to SDGs (Fraisl et al., 2020). An optional data 
ethics cycle checklist is also added in step II in response to the risks and privacy concerns for 
smallholders, which is reported in literature (Kos and Kloppenburg, 2019). 
 
Figure 6-7: Step II aims at identifying potential impacts of each ambition’s feature(s).  
Step III: Define success & impactful outcomes 
This step uses the results of Step II (SDGs check) to define wider and specific outcomes based on the 
logic framework approach described in section 2 (Fig.  6-2). This means that the features with ‘Green 
Flags’ and the mitigation plans for the ‘Red Flags’ from Step II are used to define outcomes in the form 
of Key Performance Indicators (KPIs) that are clear, relevant, economic & available at reasonable cost, 
adequate, and monitorable (CREAM). Finally, the scaling ambition can be (re-) visited to ensure that 
the outcomes are included somehow. The toolkit is meant to be iterative and integrative whenever 
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new knowledge or new insights arise in the complex tasks of promoting sustainable development. The 
scaling ambition, grounded on the SDGs, could be easily plugged in into a logical framework or logic of 
interventions by including and defining specific inputs and activities (Fig. 6-2). Even though the latter 
is out of the scope of the proposed tool it might help to identify strong and weak points that need 
attention in the scaling strategy.  
Additional (optional) checks 
Based on the adoption challenges found in literature additional (optional) checks and assessments 
not directly linked to the SDGs, were consider whether to be added. These additional checks cover the 
adoption challenge for digital decision support systems by farmers based on the well-known theory of 
Unified Theory of Acceptance and Use of Technology (UTAUT). Optional checks were also developed 
for respondents to decide whether to use it based on: capability/skills, time, and stage of the project. 
The additional set of checks include: a systems check also from Jacobs et al. (2017), a frugal 
development check based on the definition by Weyrauch and Herstatt (2017) definition, an adoption 
check and decision support systems checklist (Rose et al., 2016), and a data ethics checklist with 
recommendations for smallholders.  
The data ethics checklist, called ‘Guidelines for ethical and responsible data management’, is being 
tested to gather insights into how data management plans can be embedded into a ‘design for scale’ 
and SDGs-impact process early on when designing a CS project. The module is based on ‘FAIR Guiding 
Principles for scientific data management and stewardship’, and the Responsible Data Guidelines (Sara, 
2018; CGIAR, 2020) to manage data ethically. For instance, in an app for farmers where personally 
identifiable information (e.g. name, address) is being collected, practitioners can acquire an overall 
understanding of the best practices to manage their data. Equally, if georeferenced information is to 
be collected (e.g. plots, crops), the FAIR Guiding Principles act as a compass. If researchers have 
identified a potential contribution to a specific SDG indicator, the toolkit suggests to align this plan 
with the aforesaid guidelines. Researchers are asked to indicate a status against 15 criteria. If there is 
a defined plan for a given criterion, a green colour is indicated; if there is a plan but it is not completely 
defined, the criterion is marked yellow, while red is shown if there is no plan. Detailed descriptions of 
each guideline can be found via links provided within the toolkit. Additional references to external 
resources are also included. These tools include the Data Ethics Canvas (theodi.org), as well as the data 
code of conduct developed by leading institutions (EU CoC on agricultural data sharing, 2018).  
The toolkit and the ethical and responsible data management modules are currently in the form of 
a spreadsheet, and will be implemented as a web-based tool. Furthermore, its application will be 




matching the proposed guidelines with the required CS data quality criteria defined by local and 
regional statistical offices that are responsible for SDG monitoring and implementation.  
 




Figure 6-9: Data ethics checklist 
4.2 Findings of the testing phase 
4.2.1 Academic experts’ perceptions about the content and usability of the toolkit 
The toolkit is designed for anyone involve in CS projects looking to scale impact. Who is the toolkit 
for? And when to use it?  were open questions discussed during feedback conversations to define the 
further end-users and needs. Project coordinators, and teams especially in the academic realm who 
define a project and its priorities will be those most able to take advantage of the toolkit. The potential 
usefulness of the toolkit for research proposal preparation was highlighted by experts. This is 
consistent because the toolkit integrates an application of a logical framework approach (LFA) as a 
baseline, and researchers are familiar with it and other variations. The LFA is a methodology mainly 
used for designing, monitoring, and evaluating international development projects dealing with 
Activities, Outputs, Purpose and Goal.  
Similar tools such as as Goal Oriented Project Planning (GOPP) or Objectives Oriented Project 
Planning (OOPP) are also not unknown by researchers (EC, 2015, 2009). However, also innovators, 
practitioners and implementing staff might still find the toolkit useful, especially if applied while 
designing pilot or demo cases of Citizen Observatories.  A total of 7 responses of senior researchers 
and project managers at IIASA and the International Maize and Wheat Improvement Centre (CIMMYT) 
were obtained. Except for one senior researcher working around environmental topics, the rest 
indicated that ‘Agriculture (land use, landcover, crops)’ was the main topic of their work around Citizen 
Science. Similarly, all respondents except one agreed that the 3-steps tool was relevant to their work, 




respondents agreed with the statement that “The objective of the tool is clear”. Furthermore, 
respondents suggested that it can be applied within a range of sectors, where CS is embedded, beyond 
the agricultural sector. It also can be used by individuals as well as (project) teams, and partnerships. 
Yet, for the latter it might need further validation but is so far feasible due to the flexibility of the 
assessment that has been previously used for non-agricultural innovations in South African, and water 
social innovations in Mexico (Dressler and Bucher, 2018; Molina-Maturano et al., 2020a). Moreover, 
the Scaling Scan as such can be applied within a range of sectors, despite being based on experience 
from the agriculture and the water sector (Jacobs et al., 2017).  
 
 
Figure 6-10: Agree replies to the statement on the toolkit being useful for colleagues. 
In contrast, all the respondents were either neutral or disagreeing with the next statement: “The 
instructions of the tool are clear and understandable.” Then, the instructions needed to be simplified, 
especially in step II and III. To accommodate this, a video-tutorial was produced to clarify the 
instructions (Fig. 6-11).  
 
Figure 6-11: A 5-min video tutorial 
About the content of the toolkit, it was found good enough and no additional content was 
suggested to be added. Instead further efforts will require to simplify it. For example, the option that 
respondents must not only match the scaling ambition with a general SDG goal but with one or more 
specific SDG targets and indicators can be made somehow optional and dependable on respondents’ 
drives. An example of this is shown where respondents can choose either goals or targets or both. 
Nevertheless, it will be highly recommended to produce a scaling ambition that best reflects the SDGs 
compliance also with targets. Different from other online SDGs assessments such as the SDG Impact 
 “I found it very useful exercise, and it 
gave me ideas / considerations I / my 
project have not considered before.”   
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Assessment Tool (IAT), our toolkit is focused on features of scaling ambition within a Citizen Science 
context. Furthermore, the toolkit provides the following additional features: 
- Target and indicator checks, and based on the recent potential contribution of Citizen Science 
projects to define, implement and monitor SDGs indicators (Fritz et al., 2019).   
- A responsibility check and mitigation plan for indirect negative effects 
- Match of features/outputs with outcomes under a Citizen Observatory/CS logic framework  
With respect to ease-of use, six out of the seven respondents referred neutrally to the statement 
“The toolkit is easy to use”, the other respondent stated to agree with the statement. As well, 4 
respondents replied to be neutral to the following statement “The toolkit is fun and I enjoy using it”. 
These results outline the improvements of the toolkit to simplify the tool and to present it in different 
formats. Consequently, the intention to use was low among respondents as only 2 respondents 
referred the intention to use it soon. Therefore, replies from the open question ‘What will you improve 
to make the tool easy to use, useful and/or enjoyable?’ suggested that a change in format might make 
the toolkit easy to use will be a web survey or format instead of a excel file. To this respect, respondents 
marked a website followed by workshop, as the preferred formats, and excel and documents as less 
preferred formats for using a toolkit. Ideally, Step I should be conducted via a workshop with 
facilitation aids (see Section 4.2.2) to make it easier to use. It needs to be recognised that any SDG 
impact assessment is dependent of the data available at that time, knowledge level and ambition of 
the teams performing the assessment. Hence, it is inherently subjective and preliminary, and should 
be open and flexible for review at any stage or whenever new information arises. Therefore, the ideal 
will be that the toolkit remains a living instrument through the project. Still, whenever teams are more 
diverse (e.g. different stakeholders) the more complementary the knowledge to evaluate is on how 
the scaling ambition impact the SDGs while teams might learn more about the opportunities and 
difficulties of implementing the SDGs agenda. Then, even if the toolkit can be conducted individually 
or in small teams it is recommended bringing as many perspectives as possible.  
4.2.2 Testing a virtual workshop format for applying the toolkit  
In order to explore further the different formats, a trial 1-hour session (14/08/2020) was conducted 
with senior researchers at CIMMYT using a hypothetical case of the on-going development of new 
features of the AgroTutor app. AgroTutor — available on Android and iOS — is a crowdsourcing 
application and offers free information to farmers in Mexico, including historic yield potential, local 
benchmarks, windows of opportunity, recommended agricultural practices and commodity price 




due to the virtual setting and limited experience of the facilitator. Some areas of improvement 
included: 
- Before the workshop  
o Communicate more extensively the objective of the toolkit and workshop 
o Align expectations of the outcomes of the toolkit. 
o Request a pre-definition per participant of the ambition 
- During the workshop 
o Explain the toolkit and steps with an example or with the video-tutorial 
o Responsibility check: better explanation and emphasis on negative side effects as the 
tendency was to keep focusing on the positive parts of the ambition with less room to 
critical discussions 
- Number of participants  
o Small groups have advantages for virtual settings however bringing additional 
participants, for example non-related to the project but experts in agricultural apps or 
scaling could add integral perspectives. 
Despite the facilitation challenges, the definition of a scaling ambition and the responsibility check 
(Step I) were conducted with 3 team members, and using an interactive tool (https://miro.com/). The 
results were shared with the participants in a brief report (Fig. 6-12, Appendix 5.C). In the future and 
for the real case, experts at CIMMYT from the Scaling Research group who had experience with the 









Figure 6-12: Pilot workshop’s results (Scaling ambition and Responsibility check) 
 
As many perspectives as possible were aimed to be integrated, conducting a 1-2 hours workshop 
for only Step I can be a feasible option. Step II can be done individually at the respondents’ own time, 
and then results can be compared and discussed. Step III then again is recommended to be done with 
a team including the decision maker, or resource responsible because outcomes and activities are 
assessed and defined. If there is time and resources, one further option can be to prepare the case 
study and then request to a panel of (3-5) experts to reply to the Step II. Therefore, a further validation 
of the team’ assessment can be done by comparing the teams’ results with that of external parties 
once the scaling ambition is defined and aligned or after implementation. 
 
Although the important practical insights found from the testing phase, it still needs further 
validation with a real case study. While exploratory, this study may offer some insight into matching in 
an early and systematic way the scaling ambition (and impact at scale) of Citizen Science with the 
impact on SDGs. Every assessment has its limitation especially its subjectivity. Then, care must be taken 
when trying to make inferences when information needed to reply is not available or whenever limited 
perspectives are brought together. It also needs to be noted that any SDG impact framework is 
dependent on the knowledge level and ambition of the researcher or team replying to the toolkit 
questions as well as the information available at that time. Hence, it is inherently subjective and 
preliminary, and should be open for revision and discussion. Still, when an evaluation is conducted on 
how an ambition might impact the SDGs, respondents could learn more about the SDGs and the 




implementation of the SDGs can be complex since it entails almost all aspects of human societies, and 
knowledge of societies, and the environment are continuously being produced.  
Despite limitations of the exploratory nature of the study and testing phase, the final toolkit is the 
first assessment designed for Citizen Science (CS) projects based on SDGs. In contrast with existing 
impact assessments conducted at the end of a project, the toolkit might be a ground for early stage 
evaluations of the CS scaling ambition. The toolkit is a systematic and flexible guide that can be used 
and reused throughout the project cycle whenever new information arises. Although it aims to be easy 
to use and rapid, it urges to involve as many perspectives as possible, differing from impact 
measurement where sometimes limited perspectives are involved. This means that creative ways of 
using it play an important role, especially in circumstances such as the current Covid-19 situation, 
where web-based formats or virtual workshops are the norm. Based on a virtual testing result, it is 
recommended to conduct Step I together with small teams (3-5 people) for around 1.5 hours including 
a facilitator, and then Step II can be done individually. The results of both steps can be later compiled. 
 
 An interesting step while developing the toolkit and assessing the modules was to reflect on why 
each module was included as required or optional, as well as their added value.  In other words, to 
keep a balance between a rapid but relevant toolkit with the appropriate content for early stages of a 
scaling ambition definition. This could be addressed once we conduct a testing with a real case and 
outline researchers’ motivation to apply this toolkit or engage in these topics. To this respect, this 
exercise resulted as well in an innovative learning tool for unpacking sustainable development 
dimensions and scalability implications in each stage of the project. With the toolkit the researcher is 
invited to determine why (or why not) using a certain module or assessing a specific SDG. We learned 
that it was key to do so throughout the project stages because the information and knowledge levels 
are changing, assumptions need to be revised or re-learned. Another highlight is to consider that the 
knowledge and perspectives you entered will define, limit or nurture the result as any impact 










A rapid scan toolkit was developed to define responsible scaling ambition (s) of Citizen Science (CS) 
projects in agriculture in response to the need of matching project outcomes with the SDGs goals, 
indicators, and targets in a systematic way, as well as to offer a way to monitor and evaluate these 
outcomes along the project, instead of just at the end of it. A first testing phase of the toolkit was 
conducted with researchers involved in Citizen Science projects acting as final end-users and the 
feedback was integrated into a next version of the toolkit. The main contribution of the rapid scan 
toolkit relies in the integration in CS projects of design for scaling and responsible scaling at the earliest 
design or implementation phase possible. With only 10 years to act on SDGs achievement, design for 
scale approaches are of key importance to unravel Citizen Science efforts to this respect. 
Further steps include developing a web-based form or website in the EOCS website (see Section 
6.1), apply the toolkit in a real case study and evaluate its applicability for Citizen Science projects apart 
from agriculture. The applicability of the toolkit will be assessed by working closely with the existing 
communities of practice (CoPs) in which IIASA researchers are currently involved, such as the SDGs and 
Citizen Science CoP, and the WeObserve Impact CoP. As a first stage of dissemination and once the 
toolkit is ready, it can be uploaded to the resource database and search engine of the ‘Responsible 
Research and Innovation (RRI)’ website, and can be disseminated via the RRI Twitter account with 
around 5,000 followers, including IIASA’s and other CS accounts. Other collaborations might include 
linking in with on-going efforts for Citizen Science such as the MICS project for environmental projects. 
Makers or different actors within academic Citizen Science communities (e.g. companies offering 
technological solutions) for Citizen Science projects can be mapped too, to explore their needs and 
interest in the toolkit to evaluate feasibility or willingness to use. 
6.1 Post-testing enhancements: extra modules and the roadmap towards a website 
Based on the results of the survey, feedback and comments, the toolkit was improved in the 
following aspects producing the final version. Under the Instructions part, the ‘logic of intervention’ 
scheme was added to introduce the roadmap and a link to the Video-tutorial containing the 
instructions on how to use the toolkit in excel. In Step I, a systems map (Jacobs et al., 2017) is offered 
as optional to be applied depending on the scaling ambition stage. Because of engagement and 
adoption are at the core of most Citizen Science projects using digital tools; then a check for design 
and adoption of digital decision support systems by farmers (Rose et al., 2016), and responsible data 
management checklist are also added as optional features. Further on demand checks could include a 




contexts. Therefore, in Step II, optional checks are added and it will be up to researchers and 
respondents whether to use it based capability/skills, time, and stage of the project or specific interest. 
Also, in Step II, the transformed SDGs in the opposite way were removed to avoid confusion. In the 
original assessment each target was formulated with a negative association (e.g. ‘The innovation 
supports poverty’) making it possible to refer Yes or No. As well, the Impact on dimensions of 
sustainability were removed and further sorted in the last part of Step II by social & institutional, 
environmental and economic to keep it simple. Steps aiming to identify the specific target and indicator 
to be tackled based on the UN SDGs are made optional, and it will be up to respondents and stage of 
the project or specific interest to complete it. In Step III, the box of definition was moved to another 
spreadsheet to be consulted separately and a set of new instructions and comments in the filling boxes 
were added. Further steps include developing a webform or website in the EOCS website: 
https://www.geo-wiki.org/. 
The CS scaling features defined could be adapted from existing online tools where the respondents 
are asked to sort according to relevance. It means choosing/clicking on the following buttons: 
“Relevant”, “Not relevant” or “Don’t know - More knowledge needed”. Later those appeared already 
sorted into those categories. For every SDGs, a new page can appear with the goal, its targets and 
indicators optionally. After reading through the introduction of the goal, targets, and indicators the 
respondents click on one of the buttons in Fig. 6-13 according to how your solution affects this SDG. 
Then, a motivation similar to our notes and explanation are requested. In the present toolkit, the 
specific features of the ambition will be requested too. A feature is the output and an observable 
characteristic of the scaling ambition (technology, setting, etc.) that can be delivered by the 
project/team adding more levels of details. The outputs/features will be then converted into outcomes 
in a final step.  
The features will appear sorted into “Green Flags” for opportunities and positive impacts, “Red 
Flags” for risks or negative effects, and “White Flags” for knowledge gaps. The features, actions to 
mitigate trade-offs and risks (mitigation plans), actions to take on knowledge gaps are required. In the 
last step, the respondents might need to go through all features and mitigation plans to define further 
outcome. Different from the SDGs Impact Assessment Tool (IAT), in a new page, a short introduction 
into the CS logic of intervention will be provided as well as examples of outcomes from literature. The 
results will be presented in a similar matrix of the SDGs assessment tool with a target-level definition 
instead of only the goal (Fig. 6-13). If you click on each target, the explanation, feature or mitigation 





Figure 6-13: Results visualization matrix  
Finally, the following questions might be presented below the results matrix to i. reflect on the 
defined scaling ambition and check whether the outcomes are included in the ambition first defined 
and ii. to prioritize and define strategic choices: which positive outcomes can you strengthen even 
further? which negative outcomes can you eliminate or minimize? and what is needed and who can 
help you to fill the knowledge gaps? Then, focus on what can be done here and which additional 
partners or competencies might need to be involved or developed. 
6.2 Future validation with real projects 
Additionally, two agricultural projects, in which IIASA is involved, can serve as case studies to apply 
the toolkit and prepare a scientific publication. The first is AgroTutor, a mobile application which was 
built to provide specific and timely agricultural recommendations to farmers across Mexico and 
complement the work of extension agents (Laso Bayas et al., 2020). The Step I of the toolkit was 
conducted in a pilot virtual workshop session, using AgroTutor as guidance where a preliminary 
ambition was defined, and a responsibility check was completed. The second project where IIASA leads 
the CO work package is called FRAMEwork System for Biodiversity-Sensitive Farming, starting at the 
beginning of 2021. Among the deliverables, developing the Citizen Observatory and Information Hub 
(as a web-platform) and develop biodiversity monitoring schemes together with farmers based on 
their needs and interests are included 4. The two projects are in different stages, which is beneficial 
since this will allow to explore advantages and disadvantages at both early and final stages. The toolkit 
and methods are meant to be iterative, especially since promoting sustainable development is an 
ongoing, continuous process where knowledge is always evolving. Hence, reassessing ambitions and 
their impacts in the face of new knowledge might yield new outcomes at different the project stages.  
                                                          



































































The conclusions are discussed below with respect to the main objectives. There were five specific 
objectives, addressed by 12 research questions enlisted beloz. The main findings, implications and 
contributions are summarized in Table 7-1.  
1.1 On revising constraint-based innovations in the agriculture sector 
What empirical evidence exists on constraint-based innovations in the agricultural sector?  
 What are the main attributes of agricultural constraint-based innovation during the design and development of 
the innovation process? 
How is research (theories and frameworks) applied to the topic of constraint-based innovations in agriculture and 
its assessment of the impact on sustainable development? 
Chapter 2 compiles empirical evidence through reviewing 30 successful (and unsuccessful) cases of 
constraint-based innovations in the agricultural sector and proposes the first framework to investigate 
agricultural constraint-based innovations. Inclusive, grassroots and smallholder innovation terms are 
used in studies in South America, opening the way for further research towards conceptualization in a 
frugal innovation context.  This research makes important contributions to mapping the literature 
linking frugality and constraint-based innovation with sustainable development. These findings show 
that it is possible to match the innovation features with the Sustainable Rural Livelihoods capitals, by 
which outcomes result in human capital and increased well-being (present in 33% of the cases). This 
finding also underlines the potential of these innovations, especially for social sustainability. The choice 
of not applying the SRL framework in the rest of the research was dictated by the testing stage of the 
case of study (an agricultural app). The framework will be more suitable to apply on already 
implemented cases. Therefore, it is encouraged to further explore and validate this proposal in real 
already in the market constraint-based innovations. 
To analyse the cases, the review covered less explored prescriptive attributes linked to adoption 
models, namely (1) the scale of production, (2) existing innovation networks during the design, and (3) 
the direction of the innovation. These attributes then serve as the guide for choosing the case study in 
this study: an app. The app aims to be scaled, is embedded within an innovation network (MasAgro), 
and targets smallholders sometimes overlooked in digitization strategies (Chapters 3 and 4). The 
importance of innovation networks, such as the Honey Bee Network in India, during early phases and 
scaling is highlighted. This finding points to the need for research actors’ innovation ecosystems and 
scalability to promote action at local and regional levels. The need to further study the innovation 
ecosystem is addressed in Chapters 3 and 4 in the form of an innovation hub where Mexican farmers 









UTAUT: Unified Theory of Acceptance and Use of Technology, MAG: Mastery-approach goal orientation, DCE: Discrete Choice Experiment. Enabling environment:  both “intangible” 




1.2  On assessing farmers’ intention to adopt a constraint-based mobile phone app 
 What are the drivers of the farmers’ intention to adopt a constraint-based mobile phone app? 
How do trust, innovativeness and mastery-approach goal influence farmers’ intention to adopt? 
How do farmer characteristics (age, being connected to an innovation hub5) predict the likelihood of intention to 
adopt? 
Chapter 3 unravels the main drivers for the intention to adopt a mobile phone, using a sample of 
394 Mexican smallholder farmers. The study provides insights on how a baseline of farmers’ intrinsic 
motivation (‘why’ are they motivated to use it in the first place) might be independent of the content 
of the application in the initial adoption process. The performance expectancy was shown to be the 
strongest predictor of the intention to adopt the app. This means how the app is perceived as useful 
in farmers’ daily lives, for example in terms of increasing their productivity. This clearly highlights the 
importance of understanding farmers’ perceived benefits of using the app during early phases of 
development. The study highlights the important role of innovation networks and hubs, i.e. an 
attribute of constraint-based innovations, as its moderation effect in the intention to adopt was 
revealed. For farmers who are not connected to an innovation hub, the Facilitating Conditions (FC) 
construct was a key driver of the smallholder farmers’ intention to adopt. This calls for people in 
digitalisation to further close the digital divide through the provision of basic infrastructure that 
enables ICT-based technologies, while avoiding leaving non-connected farmers behind and extending 
the potential benefits of this type of app and innovation.  
The commonly used UTAUT framework was extended, and reveals an effect of the mastery-
approach goals (MAG) construct, in other words, the effect on the intention to learn and master new 
skills. Younger farmers with a mastery-approach goal orientation can also be targeted in the early 
stages of the app roll-out as they are more likely to use the mobile phone app to acquire new skills and 
knowledge. This study provides valuable insights into pathways to engage younger farmers, close gaps 
in digital literacy and create spaces for digital innovation in rural areas. Further studies investigating 
digital innovation ecosystems for rural development are therefore recommended. Examples might 




                                                          
5 Innovation hub refers to a network of different actors where innovations are developed, test and implemented 
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1.3  On farmers’ preferences regarding the usage of a constraint-based mobile phone app  
What are farmers’ preferences regarding the use of an app, considering nonfinancial incentives (access to 
training, extension services and receiving support on first-time use)? 
What determines heterogeneity of preferences among farmers? 
The findings described in Chapter 4 show that farmers in the research area support the use of an 
agricultural app, which calls for implementers to contribute to the responsible execution of this project 
by considering smallholders’ privacy and data ownership. Independent of the farmer’s connection to 
the innovation hub, a negative preference for the data-usage cost and a positive preference for training 
(in exchange for using the app) were found. Integration of those benefits during the app launch and 
scaling up could incentivise the initial adoption and further frequent actual use. Moreover, the 
preference for extension services provision among those farmers connected to the hub suggests that 
replacing extension services completely with the mobile phone app might become counterproductive. 
This part of the dissertation provides insights into the benefits of flexible and complementary 
extension systems that consider the preference of farmers to use an app and create trust in the 
different actors involved in it.  
Based on the connectedness to an innovation hub and intention to adopt as a grouping variable, 
this study finds heterogeneity in farmer preferences for data sharing. Furthermore, three sub-groups 
of farmers were distinguished: ‘Value extension’ farmers who are most likely to be connected to the 
hub, ‘Value mastery, cost-averse’ farmers who have a lower behavioural intention to adopt, and the 
‘Value data privacy’ farmers, who are negatively oriented towards sharing data frequently and with 
private companies. The goal is to correctly inform farmers not only about the technical risks of advice 
(yield and returns), but also about data ownership and privacy. These results are some of the first to 
show that data sharing preferences can influence the usage and intention to adopt. These findings call 
for developers and implementers to devise responsible solutions that close the digital divide by 











1.4 On the frugal water innovations and their impact on the Sustainable Development Goals 
What are the similarities and differences between frugal and social innovations in two water innovations 
(ecological wastewater treatment plant and rainwater harvesting system) in Mexico? 
What is the potential positive impact of these frugal water innovations on the sustainability dimensions (social, 
economic, and ecological)?  
Chapter 5 explored, for the first time in Mexico, the concept of frugal water innovation by 
comparing it with social and catalytic innovation concepts. A context-specific comparison was 
conducted, showing that the case studies share commonalities with the main features of frugal and 
catalytic innovation. This study provides important insights into the concept of frugal water 
innovations in an understudied region. We therefore recommend that other studies address social 
innovations as well when studying frugal innovation concepts.  
Two water innovations in Mexico were targeted in this study: an ecological wastewater treatment 
plant, and a rainwater harvesting system for rural communities. For both cases, the origins of the ideas 
and strategies used by the entrepreneurs were similar to those described in previous studies on frugal 
innovations. The entrepreneurs also recognized frugal features in their own innovations, although they 
did not label them as such. Furthermore, scholars and experts were asked to rate the sustainability of 
the two innovations and validated a sustainability evaluation framework. The framework proved useful 
to unravel or separate potential impacts on sustainability and link them to certain aspects or features 
of the innovation or project, regardless of whether the innovation is labelled as social, catalytic or 
frugal. One practical implication of the validated framework is that it can be replicated with other 
water innovations and experts, while its flexibility also allows for entrepreneurs to use it when 
articulating their impact on sustainability dimensions.   
1.5  On aligning innovation scaling ambitions to the Sustainable Development Goals 
What is a feasible way to integrate an SDG assessment with responsible scaling approaches into a toolkit in the 
context of Citizen Science (crowdsourcing) applications targeting smallholder farmers? 
How does a group of experts evaluate the content, usability and preferred format of the first version of the toolkit? 
Chapter 6 operationalizes the framework to investigate constraint-based innovations proposed in 
Chapter 2, with a special focus on the scaling attribute. This is the first study ever to establish the 
potential of constraint-based innovations (scale, innovation network, direction of the innovation) in 
complementary Citizen Science research in agriculture. This study provided new insights on the 
potential role of constraint-based innovations in complementary research topics and systems 
approaches to drive sustainable outcomes. A toolkit was developed to define responsible scaling 
ambition(s) of Citizen Science (CS) projects in agriculture to match project outcomes with the SDG 
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goals, indicators and targets in a systematic way, as well as to offer a way to monitor and evaluate 
these outcomes throughout the project cycle, instead of just at the end of it. Two novel modules were 
added in line with the case of constraint-based agricultural innovation: (1) a frugality and adoption 
checklist in which findings described in Chapters 2 and 3 are translated into recommendations, and a 
(2) data ethics checklist in which findings described in Chapter 4 are considered to present a list of 
existing guidelines and best practices for data management. The toolkit is considered a systematic and 
flexible guide that can be used throughout the project cycle and acts as a compass whenever new 
information arises. While it aims to be easy to use and rapid, it calls for the involvement of as many 
perspectives as possible, in contrast to the tools solely oriented towards impact measurement, where 
sometimes only limited perspectives are considered. Further validation of the toolkit will include 


























The main objective of this doctoral research was to advance knowledge on agricultural constraint-
based innovations’ attributes and outline the potential and pitfalls in designing them sustainably. In 
general, the association introduced in Chapter 1 and elaborated in Chapters 2-4 among constraint-
based innovations and adoption model’s literature is an idea which had not been validated practically 
until this work. Moreover this association, grounded on Agarwal et al. (2017) theoretical proposal, was 
updated with more recent adoption theories and provides an option to frugal innovation literature to 
incorporate user perspectives that can be measured and modeled. Therefore, it allows for frugal 
studies to move from anectodictal examples to draw insights grounded on already exisiting and robust 
theories.   
Main contributions are also listed in Table 7-1. In the quest to fill knowledge gaps identified in 
Chapter 1, this doctoral thesis has made conceptual, methodological and empirical contributions to 
science. These are supported by findings from the four core research chapters and are elaborated 
below. In general, the current state of the art (Chapters 1 and 2) has revealed a lack of constraint-
based innovation studies in the agricultural domain; in particular, the main attributes during the design 
phases are overlooked. A framework to study these innovations is therefore proposed in Chapter 2, 
which includes three key attributes (scale of production, innovation networks, and direction of the 
innovation). Furthermore, empirical evidence is provided throughout this dissertation to validate this 
framework (Chapters 3 and 4).  Focusing on an ICT-based innovation, this dissertation proposes that 
the abovementioned attributes influence the innovation’s potential and pitfalls in promoting 
sustainable development in general, and particularly during the testing and experimentation phases. 
For this, evidence of sustainability assessments ex ante and ex post is presented in Chapters 5 and 6. 
This can serve to improve both the design and final development of the solution by tackling early on 
the sustainability challenges, i.e. lack of inclusiveness in the short term. Since the proposed attributes 
(scale of production, participation innovation networks, and direction of the innovation) are present 
in the specific objectives and chapters, the general conclusion empirically validates the linkage of 
farmers’ adoption and preferences with the proposed innovation attributes. Additional research is 
therefore needed to confirm whether these study findings follow the actual adoption once the apps 
are launched.  
The general conclusion transcends the research questions by reflecting on the objective and the 
linkages with inclusiveness. Inclusiveness is interpreted in this dissertation as the aspiration to include 
minorities and marginalized groups’ perspectives as innovations are originated. Despite not been the 
core of the dissertation, inclusiveness studied is outlined in two levels:  farmers’ data sharing 
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preferences in the context of using an ICT-based constraint-based innovation (Chapters 3 and 4); and 
actors’ participation within agricultural Citizen Science and crowdsourcing projects aiming for a 
responsible and sustainable impact (Chapter 6). It is then recommended that future studies focus on 
this relevant topic along with participation, empowerment and power dynamics topics. Finally, in the 
case of water innovations, it is present in the entrepreneur’s motivations for providing solutions in 
rural areas which water provision and treatment products and services do not reach (Chapter 5). 
2.1 Conceptual contribution  
Chapter 1 analyses conceptual linkages between constraint-based innovation attributes and 
models to study adoption and preferences. By relating these concepts, key attributes of constraint-
based innovations can be retrieved from literature. In this doctoral dissertation, this knowledge has 
been advanced at the conceptual level by providing a robust set of three practical criteria for the term 
constraint-based innovations in agriculture, to avoid getting lost in current conceptualization debates. 
Moreover, these are brought together into sustainability assessments for designing or evaluating 
actual impact, which led to a novel starting framework for studying these innovations (Figure 7-1). In 
addition, the concept of ‘Innovation networks during design’ is introduced and defined as the level of 
involvement of the innovators within an innovation network or hubs, which goes beyond whether 
innovation ecosystems exist or not. This concept was later operationalized in the empirical analyses in 
Chapters 3 and 4 by looking at farmers’ connection to innovation hubs in which they are able to give 
feedback about the innovations being developed and are in interaction with extension agents who are 
involved in the innovation hub. The second conceptual contribution is illustrated in Chapter 4 where a 
new construct, the mastery-approach goal (MAG), is integrated in the theory of UTAUT. Since it is not 
part of the original set of constructs, it becomes a novel addition that responds to recommendations 
derived from the review study (Chapter 2), which emphasizes the importance of focusing not only on 
the technological solution, product or service, but also on drivers among users to initially adopt an 
innovation. Different from a previous study on an SMS service for farmers (Beza et al., 2018), the 
construct proved to be significant in the present study context of a smartphone application. The third 
conceptual contribution is linked to Chapter 5, where the terms social and frugal innovation are 
compared, for the first time, in a case study on water innovations. Since constraint-based or frugal 
innovations have not been explored as such in Mexico, this doctoral research chapter is the first to 
introduce and provide evidence that social innovation is a term comparable with frugal innovation, 





Figure 7-1: A framework for agricultural constraint-based innovations and recommendations 
2.2 Methodological contribution 
In this doctoral research, a mix of quantitative and qualitative methods was used to add new 
knowledge. The study in Chapter 4 focused on farmers’ preference for data sharing and nonfinancial 
incentives linked to using an app. To empirically investigate this research question, a discrete choice 
experiment was applied. Normally, discrete choice experiments in the Global North have used digital 
platforms (e.g. websites, e-shop), while in the Global South, they use a combination of graphical and 
text items in the choice cards. This research additionally introduced a short video which proved to be 
more suited to familiarise farmers with the app and its functionalities as the latest version has not 
been launched yet. The video ensures that the respondents receive the same information about the 
app features. Therefore, for apps or ICT-based innovations that are not yet in the market, a video can 
be a feasible option to introduce respondents to the main features and how the app can be used. 
Eventhough the DCE methodology suggests an iterative process in which the attributes need to be 
comprehensive, this work highlights also the need for the adaptation of the design after a first round 
of responses in settings such as workshops with respondents. 
2.3 Empirical contribution  
In this research, empirical contributions relate to application of established methodologies to 
understand farmers’ intention to adopt (Chapter 3) and preferences for data sharing (Chapter 4) in an 
understudied region and sector. These are the extended Unified Theory of Acceptance and Use of 
Technology (UTAUT) with the mastery-approach goal orientation construct, and the conditional and 
logit models for Utility theory. Another empirical contribution is the development and testing of the 
toolkit that compiles the findings of this dissertation. It aims to be a compass for different actors 
involved in Citizen Science and crowdsourcing applications, to 1) embrace constraint-based 
innovations attributes and 2) define responsible scaling by linking its features with SDG goals, targets 
or indicators if possible. This toolkit includes a ‘Frugality and adoption check’ where researchers can 
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assess the ambition features with constraint-based innovation attributes, as well as adoption drivers. 
In Chapter 6, a ‘Guidelines for ethical and responsible data management’ module is developed for 




























In light of the Decade of Action for the sustainable development agenda, it is important to reflect 
upon the possible implications of this research for actors involved in innovation processes and 
digitization of extension and advisory teams, development practitioners and teams within Citizen 
Science and crowdsourcing projects. Furthermore, this study has various implications in the context of 
the COVID-19 pandemic, which has disrupted current agricultural systems. If properly harnessed, local 
innovations such as constraint-based innovations can offer opportunities for dealing with the 
challenges faced by underserved communities (access to markets, unemployment, etc.) during and 
after the COVID-19 pandemic. A section on the implications of our research findings in the context of 
the current COVID-19 crisis is included in the final sub-section (3.6).  
3.1  To innovation practitioners 
Theoretical domains are still separated, in the literature, into people-centred and product-/service-
centred theories and approaches. This calls for more cross-disciplinary or interdisciplinary approaches 
that investigate the interaction between the two. A framework to investigate agricultural constraint-
based innovations is proposed, based on the 30 cases extracted and analysed in the literature and the 
theoretical approaches found. The framework aims to be a starting point for practitioners and 
innovators who research and develop constraint-based innovations in the agricultural domain. For 
example, it allows us to frame an initial definition of the innovation and to explore suitable theoretical 
approaches already being used. Moreover, the relation among technology design (prosumer-centred 
or product-centred) and adoption is acknowledged by integrating intention and use of new technology 
models. Our recommendation is to consider both instead of focusing solely on either the product or 
the users.  
The framework to evaluate sustainability, validated in Chapter 5 for water innovations, may also 
be useful for social enterprises and entrepreneurs to identify, reinforce and communicate their 
positive impact on the SDGs and dimensions of sustainability. Moreover, this framework may be useful 
to identify unsustainable aspects at early stages or whenever a new idea for scaling arises. It is 
therefore recommended that other studies attempt to address potential negative effects as well, such 
as lack of inclusiveness of minorities or underserved communities. 
3.2 To designers, developers, and agricultural research practitioners 
Usefulness of the app advice and expected effect on yields/productivity are the strongest drivers 
for adoption found in the present study (Chapter 3) and consistently in other studies on ICT-based 
technologies. To promote mobile phone apps for decision support in the agricultural domain, for 
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example, it is therefore worth exploring further user engagement, design thinking and farmer-centred 
design when developing innovations through different approaches. Development of a digital decision 
support tool requires early and ongoing interactions with targeted users to map app performance, 
objectives and preferences, ensure reliability of scientific input and optimize the user experience 
(Eichler Inwood and Dale, 2019). Findings in Chapter 3 may help to better understand and implement 
solutions for ICT-based agriculture, such as provision of offline features, timely and relevant advice, 
and integration of various appropriate delivery channels (e.g. SMS, Interactive Voice Response – IVR).  
 On the other hand, the rapid changes in these technologies also change the way in which decision 
support systems are being designed and will be used. For future phases, the continuous application of 
a farmer-centred design that addresses their needs might tackle low user adoption and increase 
chances of launching a successful decision support service. Another recommendation is to consider 
farmers’ existing information ecosystems. It is not about re-inventing the wheel and creating a whole 
new information system but about adapting the solution to existing working information systems in a 
more effective way. The latter also reflects the frugal dimensions showcased in Chapter 1. Specifically, 
for the case in Mexico, the mobile phone app can also be integrated, for example, with previous efforts 
such as the SMS service MasAgro Móvil. MasAgro Móvil uses the Extensio platform (previously Esoko) 
to send text messages to the hub network with information about prices, weather and general advice 
on conservation agriculture practices. Other existing information channels that could be integrated are 
the fertilizer distributor, social media or instant messaging apps and groups. Considering and building 
upon the existing, mostly informal settings can increase the possibilities for adoption at scale. 
3.3 To project managers  
Given that usefulness of app advice, expected effect in increasing yield productivity and having the 
appropriate support significantly predicted farmers’ behavioural intention to adopt the studied app, 
project managers might ensure that the app offers benefits to the farmers, such as actual payment in 
phone credit, and that the technical infrastructure helps them to use it. Moreover, the observed 
difference in the importance of drivers between farmers connected and not connected to the hub is 
important. Different benefits need to be designed to promote initial adoption in each group. Another 
element of an enabling environment is mutual trust, which is considered a best practice despite not 
being observed as such in the present work. Special attention needs to be paid to trust when bringing 
new stakeholders into the initiative because, as revealed in the present study, trust is not a given even 
among farmers who are connected to innovation hubs. Not only working with local institutes that have 
already been accepted but also stimulating them to co-design the app could be a way to establish initial 
trust between farmers and the initiative. For example, the co-creation of value has proved insightful 




3.4 To actors involved in digitization of agriculture and data management 
Based on the importance of innovation networks, identified as a key attribute of constraint-based 
innovations which has revealed its moderation of the intention to adopt, the promotion of 
collaborative spaces is recommended. These hubs can also act as knowledge hubs where smallholder 
farmers gain and share information or knowledge to improve their farming practices, in close 
connection with extension services. There is a long tradition of participatory approaches in agricultural 
science, aimed at bridging the gap between scientists and farmers. Benefiting from the increase in ICT 
in agriculture, innovative approaches (e.g. crowdsourcing applications) could be designed to scale 
solutions and increase farmers’ participation in scientific research. For example, the innovation 
platforms and enabling environments in the context of Agricultural Innovation System (AIS). The AIS is 
a network of actors (individuals, organizations and enterprises), together with supporting institutions 
and policies in the agricultural and related sectors that bring existing or new products, processes, and 
forms of organization into social and economic use. In the specific case of the innovation hub studied 
in this dissertation a conceptual framework has been recently proposed: the Agricultural Knowledge 
Management for Innovation (AKM4I) (Gardeazabal et al., 2021). 
On the other hand, collaborative innovation involving collective intelligence co-production requires 
both digital infrastructure and physical infrastructure to permit face-to-face stakeholder meets, such 
as hackathons, or other spaces for open collaboration, such as living labs6, local community innovation 
spaces, and physical and digital infrastructures for Citizen Science projects. Institutional support to 
build bridges between formal and grassroots innovation, other forms of infrastructure such as 
repositories and innovation platforms, and mechanisms for international network facilitation can 
further strengthen such hybrid activities (UNCTAD, 2017). For example, digital tools, technologies and 
services are being used to bring actors and consumers together.  
3.5 To Citizen Science practitioners and crowdsourcing application developers  
Systemic approaches to scaling might support the continuous and iterative assessment of impact 
of agricultural research and innovation, which is more increasingly being demanded by donor agencies 
(development, governments, etc.) (Joly et al., 2015) and is often referred to as a process of ‘scaling’ to 
achieve ‘impact at scale’. Three main recommendations can be derived from the process of developing 
a toolkit for researchers wanting to design for scale and impact:  
- apply constraint-based principles for the technological solutions such as apps (Chapter 1) 
                                                          
6  Living labs are defined as a user-centred, open innovation ecosystem based on a systematic user co-creation 




- check your assumptions on sustainability based on SDGs and inclusiveness (Chapter 3 and 4) 
- manage farmers data responsibly (chapter 4) 
Efforts to establish ethical and responsible data management plans should be a must to ensure the 
procurement of the smallholders’ personal information. In addition, schemes such as the FAIR 
principles (‘FAIR’, n.d.; Wilkinson et al., 2016)  can be used to share data with the research community 
while protecting farmers’ sensitive information. Agreements from the early stages onwards are also 
recommended. These agreements may include the degree of openness of the intermediate inputs and 
ensure that the farmers’ privacy will be respected.  
3.6 Implications for Science, Technology and Innovation Policy  
Achieving the 2030 Agenda for Sustainable Development will require strong collaboration and 
partnerships among all stakeholders. Examples of recommended partnerships and stakeholders 
include, but are not limited to, grassroots and local innovators, smallholder farmers and youth in rural 
areas participating in an innovation network to innovate and address systemic changes. The 
implications of this work in terms of aligning constraint-based innovation features with the SDGs 
(Chapters 5 and 6) could support policies to facilitate new, emerging and hybrid innovation approaches 
that consider the broadening of the innovation system to include new actors at the BOP in countries 
such as Mexico. In the core research chapters of this dissertation, the existence and level of 
participation in innovation networks showed its effect in the intention to adopt which plays a key role 
for scaling up from local to regional levels. This work is aligned with worldwide recommendations on 
facilitating infrastructure and networks for innovation and the so-called ‘enabling environment’. In the 
agricultural innovation system, the enabling environment is controlled by governance, regulatory and 
policy-making organizational structures other than those directly linked to agricultural innovation. The 
environment creates the incentives for interaction, exchange of knowledge and collaborative action 
by all stakeholders in the system. 
Promote appropriate technologies and practices for farmers, rural youth and women during COVID-19 
The vulnerabilities of smallholder farmers, rural women and youth are likely to be aggravated by 
the prolonged restrictions on movement and the lack of employment and income generation 
opportunities. These vulnerable populations are constantly innovating and fighting to cope with 
emergencies, as several examples have shown during the pandemic (e.g. farmers and dealers using 
social media to bridge market gaps; ACADES in Malawi introducing an online market platform for youth 
entrepreneurs; UNDP Accelerator Labs). Despite the adversity, the crisis is triggering innovation top-
down (governments) and bottom-up (farmers) to overcome the negative impacts of the pandemic. 




and facilitate their implementation through capacity building and engagement based on country-
specific recommendations relating to COVID-19.  
This dissertation has discussed, in Chapters 3 and 4, how ICT platforms (such as mobile phones) are 
more relevant than ever and should be used to access information on technologies and sustainable 
practices. Chapter 4 of this dissertation also provides valuable insights into capacity building strategies 
(training and support at first time use) as nonfinancial incentives for Mexican smallholders who intent 
to use an agricultural app. Chapter 3 shows that younger farmers’ willingness to learn and master the 
app increases the intention to adopt. These farmers can be the early adopters and become agents of 
change in their communities and ideally create innovation networks. 
Another relevant contribution of this work to current knowledge of agricultural innovation systems 
is the level of participation in an innovation network as a key attribute that defines a constraint-based 
innovation in agriculture. During the pandemic, the creation and strengthening of existing innovation 
networks are highly recommended. For example, the creation of networks and collaborations between 
women entrepreneurs and young innovators, as well as with the broader business community and 
relevant actors, will lead to a sense of empowerment and a positive environment for innovation and 















This section identifies the main limitations and suggests potential avenues for future research. The 
more specific limitations and research implications related to the articles have been described in the 
discussion sections of the relevant chapters. In general, the dissertation faced multiple limitations 
listed in each chapter but three major ones in terms of the methodology, research scope and 
theoretical approach are addressed in this section. 
The first limitation concerns the methodology and data. The research on the app is based on a 
specific case study in one region in Mexico with its own peculiarities and did not include data from 
actors other than farmers and academic experts in research institutes. In the farmer surveys, a video 
of the app features was shown, although the app was not given to every one of the respondents 
because it is still under development. Therefore, only intention to use could be measured (Chapter 3). 
Since most of the farmers in this study had not used the mobile phone app, we could not examine the 
effect of behavioural intention on actual use behaviour. Therefore, it is recommended that future 
research includes an examination of the effect of behavioural intention on farmers’ actual use 
behaviour for apps already on the market.  
Additional research would also allow an assessment of whether the importance of the intention to 
learn and master the app changes over time or contexts and the effect of trust on farmers’ behavioural 
intention to use a mobile phone app might become important when the information is being shared 
with certain organizations, including companies, along with the perceived risk associated with use. One 
important additional area for future research to focus on is the perceptions from diverse actors such 
as the government, non-governmental organizations or other actors innovating for the BOP 
population. Studies investigating what might incentivise or prevent actors to get involved in constraint-
based innovations projects are suggested. The study does not claim to statistically represent farmers 
in Mexico (neither in terms of gender nor geographically). It would be interesting to test the model 
with female farmers, for example, or trial it in other parts of Mexico. It is suggested that further studies 
focus on identifying the strengths and weaknesses of youth and women’s groups and their members, 
and provide technologies and good practices according to their needs, interests and skills. I therefore 
recommend that other studies attempt to adapt and extend current adoption models (e.g. UTAUT) 
which integrate socio-psychological approaches. For the Discrete Choice Model methodology 
described in Chapter 4, further bias checks are recommended, such as a conventional attribute non-
attendance model (conventional ANA) and a validation attribute nonattendance model (validation 
ANA) that implies non-compensatory decision-making behaviour of respondents. It means a correction 




In the case of the water innovations, data was gathered only from the entrepreneurs and experts 
and not from the end-users. The context and available data of the selected case studies also pose a 
challenge due to the lack of databases of frugal innovations, which made it difficult to obtain an 
appropriate sample size. Therefore, additional research should rely on active databases of social 
enterprises in Mexico and South America. These databases can be further compiled, consulted and 
used to investigate profiles and validate the social enterprises innovations’ similarities with frugal 
innovations. For example, some practical efforts have been made in the recently launched ‘Frugal 
Innovation Latin America Network’ which can act as important entry point for researchers wishing to 
address these innovations.  
In relation with the sustainability assessment applied to water innovations, it should be noted that 
for fields of research or context with available data, the use of a comprehensive approach like the life 
cycle sustainability assessment or a calculation of the ecological footprint would probably add valuable 
insights on the actual sustainability of an innovation and can potentially be combined with the 
framework used in this article, e.g. to evaluate the detailed impact of each one of the five stages of the 
life cycle on sustainable development based on the 17 SDGs. It should also be noted that any SDG 
impact framework is dependent on the knowledge level and ambition of the researcher or team 
replying to the toolkit questions, as well as on the information available at that time. When an 
evaluation is conducted on how an ambition might impact the SDGs, respondents could learn more 
about the SDGs and the opportunities and difficulties of implementing them.  
A second limitation is detected in the scope of the research. Since this dissertation focuses on ICT 
constraint-based innovations to validate the study framework, more research is required in the other 
innovation categories identified in Chapter 2: agricultural machinery, water for irrigation, alternative 
and innovative farming and agricultural biomass gasification. For example, recent empirical research 
elaborates on the development of affordable machinery to reach scale in a diverse set of contexts, 
including South America (Van Loon et al., 2020). We therefore suggest that other studies attempt to 
address access to machinery (e.g. loans, rent) and increase yield production while promoting 
sustainable practices among smallholder farmers.  
 In relation to the farmers’ intention to adopt and preferences regarding the use of an app, the 
study should be validated and extended to other geographical areas in Mexico and South America since 
the magnitude of factors may differ. It means that the factors important for technology adoption might 
differ from location to location, so assessing the validity of this model with farmers across different 
cultures both in developed and developing countries would be theoretically and practically useful. In 
a similar vein, our findings are specific to a certain part of Mexico and the context may be very different 
in other areas (e.g. areas with lower literacy and less smartphone adoption).  
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A third limitation concerns the theoretical approach, where an integration was followed instead of 
an applied one or focusing on just business and management approaches. Some of the approaches 
presented in this study are new for the study area (e.g. frugal innovation or the role of constraint-
based innovations in Citizen Science projects), while others are older but have been relatively 
overlooked (e.g. social innovation, grassroots). There is currently no consensus on a typology of models 
or approaches to innovation in the literature. Recognizing the limitations in categorization of distinct 
approaches, and the complications arising from the ambiguous use of terms, the emerging constraint-
based innovation approaches are not classified in this study into distinct models but are discussed 
based on three practical broad attributes that are later empirically validated in an app case study (See 
Fig. 7-1). As such, the attributes of constraint-based innovations are present in other theoretical 
approaches to participatory research and agricultural Citizen Science and crowdsourcing applications. 
Therefore, one area future research could focus on is assessing how constraint-based innovations can 
support affordability and accessibility for a broader population range as a complementary theoretical 
approach to participatory and action research.  
Experimental designs to assess farmers’ perceptions of the enabling environment also brings 
potential for future research. For example, research in the areas of the Agricultural Innovation System 
(AIS), Agricultural Knowledge and Innovation Systems (AKIS)  or systems innovation can be a way 
forward in agricultural research for development studies currently being studied at CIMMYT 
(Gardeazabal et al., 2021). Another promising avenue for further research reflects on the role of apps 
in farmers’ broader knowledge network, especially based on the important effect of mastery-approach 
on adoption intention (Chapter 3). One possible study question is whether the app users embedded in 
an innovation and knowledge system require additional support from actors such as extension agents 
for the interpretation of results. In a similar note, the study of current cultural practices, norms and 
value systems around access and sharing of knowledge is still a relevant area for further research 
(Lewis et al., 2003). Therefore, and interesting question will be how do mobile phone apps that 
incorporates constraint-based features and frugal characteristics align to these pre-existing 
institutions. For example, finding what type of solutions or interventions align to smallholders social-
cultural context. Actor-oriented approaches, such as actor-networks (Gray et al., 2017) can be a way 
forward. Similarly, action and participatory research is an interesting highway to align users and 






Throughout this dissertation, farmers’ agency, empowerment and power dynamics have not been 
explored; also, local and global value chain studies or knowledge systems are not included and would 
have enriched current discussions on data ownership and trust when combining scientific and local 
knowledge across multiple stakeholders. Yet, rather than engaging in these discourses, the study takes 
a practical approach and underlines the importance of design for inclusiveness and sustainability to 
responsibly scale constraint-based innovations, and the agricultural apps for smallholder farmers in 
particular. This dissertation also acknowledged the practical and reductionist approach facing the 
complexity of “glocal” innovation processes and sustainability topics. However, the tools and models 
provided in this work comprise robust starting points for practitioners to: 
- Address agricultural and water innovations in different geographic regions (Ch2, Ch5) 
- Consider, model and predict adoption of smallholders and considering their levels of 
participation in innovation hubs and platforms (Ch3) 
- Trigger discussion about farmers’ data sharing preferences (Ch4 and Ch5) and inclusiveness 

































used by the authors exploring agricultural constraint-based innovations.  
 Innovation name Country  Description of the innovation 
Concepts 
by the author (s) 



























and values of the innovator 
(Pansera and Sarkar, 2016; Sarkar and 
Pansera, 2017a) 
Walnut de-sheller/cracker India 
A walnut kernel-extracting machine (de-sheller) to 
mechanize the process of walnut and almond cracking 
which was previously done manually. 
Frugal innovation and 
Sustainability-driven 
innovation 
(Sarkar and Pansera, 2017; Gupta, 
2019) 
Pepper thresher India 
A thresher that can be operated both automatically and 
manually with higher output and minimal damage. 
Grassroots Innovation 
-Human and social capital 
theories 
-Demand-pull and science-push 
theories 
-Triple bottom line theory 
 
(Gupta, 2019; NIF, Pepper Tresher.) 
 
Sugarcane bud chipper India 
A device for removing buds from sugarcane sticks. Buds are 
then used further for plantation purposes. 
(Gupta, 2019; NIF, Sugarcane bud 
chipper) 
 
Multi tree climber India 
Safer manual harvesting of coconut, rubber, palm oil/fruit 
through climbing. 




An adjustable tool using bicycle components for multi-
purpose use, e.g. tilling, weeding, harrowing. 
(Gupta, 2019; NIF, Biclye wedder.) 
Scooter-mounted flour mill  India 
A mill fixed on the back seat of a scooter and powered by a 
V-belt and pulley system. 
-Appropriate technology 
(Hossain, 2017; Pattnaik and Dhal, 
2015; "Scooter-mounted flour mill", 
2008; "Mobile scooter mounted flour 
mill", 2014) 
 Bullet Santi India 
A modified motorcycle that can be converted into a farming 
vehicle for ploughing, weeding, sowing and crop spraying. 
Jugaad -Bricolage  
(Pattnaik and Dhal, 2015; Shepherd et 
al., 2017; "Bullet Santi", 2018) 
Compost maker for mushroom 
cultivation 
India 
An electric machine to turn compost and mix material for 
mushroom cultivation. 
Jugaad -Bricolage  (Shepherd et al., 2017) 
Yuvraj - Mini tractors India 









(Brem and Ivens, 2013; Hossain, 2018, 
2017; Levänen et al., 2015; Sharma and 
Iyer, 2012; “Yuvraj”,2015) 
TRRINGO  India 
Rental of tractor and farm equipment through a mobile 
phone app, and a franchise network to make 
mechanization easily accessible and affordable to farmers. 
Frugal innovation 
Snowball from Mini tractors (Mohan 
N., 2017; “TRRINGO", 2017) 
Power tillers comparison 
(Failure) 
Tanzania 
A comparison of 4 brands of power tillers (from emerging 
and mature markets) and their usage on rice farms. 
Reverse innovation and 

























Zambia & Ghana 
A low-cost foot-pedalled micro-irrigation pump that draws 
water from underground sources. 
Frugal innovation 
-Gender studies and 
Inclusiveness framework 
(Vossenberg, 2018) 
Communal treadle pumps  Zimbabwe 
A human-powered pump to withdraw groundwater for 
irrigation. Mainly used by women and children. 









(Baskaran and Mehta, 2016a; Patel and 
Mehta, 2017) 
(Kay and Brabben, 2000) 
Hand operated water pump India 
A manually operated water pump used for irrigation. It has 
a high discharge at low cost compared to motorized pumps 
and conventional hand pumps. 
Grassroots innovations 
-Human and social capital 
theories 
-Demand-pull and science-push 
theories 
-Triple Bottom Line theory 
(Gupta, 2019; NIF, Hand operated 
water pump) 
 




A solar photovoltaic pump combined with an ultra-low-
pressure irrigation kit to optimize water efficiency. 
Specially designed to irrigate fields <1 ha. 
Frugal innovation 
No theory but mentioned 
appropriate technology 
Only discussed interconnected 
problems (lack of water, energy, 
financing) 
(Mashnik et al., 2017a) snowball from 






A wind-power generation device made from local materials 
(old motorcycle engines) to supply energy to pump water 




Only link with social 




SQFlex for farms  
Kenya 
A wind- and solar-powered water pump with a backup 
battery system. Also includes construction of water towers 
and water stations in remote areas.  
Reverse innovation -Product life-cycle theory 
(von Zedtwitz et al., 2015) 




A communal water tanks. Johads are small earthen dams 
shaped like a crescent moon which provide drinking and 
bathing water for livestock.  
Grassroots innovations 
 






Self-build construction packages for farm-scale rainwater 
harvesting which include advisory services on materials and 




-Appropriate technology  
-Technology for social inclusion 
























Mulch-based method for 
growing potatoes  
South-Africa 
A system to grow potatoes under mulch rather than using 




-Innovation science, technology 
and innovation (STI) indicators 
-Grassroots-participatory 
models 
(Letty et al., 2012) 
 
High-value cash crops  
(cherry peppers) 
South-Africa 
A 3-innovation package: introduction of a new crop, an 
improved relationship with the commercial farmer and 
entry into a new supply chain. 
Agricultural grassroots 
innovation 
(Letty et al., 2012) 
ProHuerta  Argentina 





-Appropriate technology  
-Technology for social inclusion 
(Smith et al., 2014) 
Appendices 
182 
Kola trees in cocoa plots (Failure) Côte d’Ivoire 
A comparison of the removal of Kola trees to enhance 
productivity and their preservation in cocoa plots.  
Smallholder-driven 
innovation 
-Innovation system theory 
-Innovation Networks 
-Sustainable Rural Livelihood 
Framework 
(Sanial and Ruf, 2018) 
Seed intervention comparisons 
(Failure) 
Kenya  
A community-based seed production programme 
promoted by the government in comparison with 
innovative practices by Kikuyu women’s farming group. 
Grassroots Innovations 
- Decision theory 
-Sustainable Rural Livelihood 
Framework 
-Power and gender relations 




















Kenya, Rwanda & 
Tanzania 
Agricultural micro-insurance via mobile phone for maize 
and wheat farmers; provides cover for drought and 
excessive rainfall. It is linked to M-Pesa. 
Frugal innovation 
 
-Agency Theory and Information 
Asymmetry 




An app or SMS service for farmers that provides up-to-date 
market prices and connects farmers with buyers directly. It 
has a ‘‘group buying tool’’ allowing farmers to pool 
resources and negotiate higher prices.  
Frugal innovation 
(Altamirano and Beers, 2018; Mann, 






Uganda, Tanzania  
A multi-disciplinary project and co-creation of a weather 
station network. The stations are low-cost, simple and 
robust and use information technologies. 
Frugal innovation 
-Business models  
-Innovation diffusion 














Agricultural Biomass Gasifier  
India 
A biomass-based electric generator. Produces 1 kilowatt of 
power from 1 kilo of bio-waste. It is capable of running an 





-Normative motivations and 
Values of the innovator 
(Pansera and Sarkar, 2016; Sarkar 





A low-cost solar-biomass hybrid power plant can deliver 
24/7 alternating current (AC) power to households and 
business customers (welding machine shops, telecom 
towers, rice and flour mills). 
Frugal innovation 
No theory. 
Only link with Sustainable 
Development Goals (SDGs) 
(Hossain, 2017; Levänen et al., 
2015; Lyytinen, 2017; Numminen 




Actor (s) involved, direction of the innovation and scale of production. 
NIF stands for National Innovation Foundation stands, GIAN for Grassroots Innovation and Augmentation Network, MVIF for Micro Venture Innovation Fund and PROLINOVA for Promoting Local Innovation 
 
Design of the innovation  Innovativeness   
Scale of the 
innovation 




















Local community  
Walnut de-sheller/cracker Mushtaq Ahmed Dar Walnut trader NIF for further upgrades Local community 
Pepper thresher P.K. Ravi 
Scrap collector and sales, 
now owns his business 
Supported by NIF 
through the MVIF* 
 
Local community 
Sugarcane bud chipper Roshanlal Vishwakarma Unknown Local community 
Multi tree climber 
D. N. Venkat (D. Renganathan 
alias) 
Self-learn mechanic Local community 
Multipurpose bicycle Gopal Malhari Bhise Small-holder farmer Supported by NIF 
Local community  
(around 200 devices 
produced) 
Scooter-mounted flour mill  
Sheikh Jahangir and Sheikh 
Usman 
Founder of 'Jahangir 
Foundation'  
Honey Bee Network (GIAN & 
NIF) 
Local community 
 Bullet Santi Mr. Mansukhbhai Ambabhai J. Farmer NIF for further upgrades Local community 
Compost maker for mushroom 
cultivation 
Shri Jitendra M. Farmer 
NIF and the innovators’ brother 
(loan provider)  
Local community 
Yuvraj - Mini tractors Mahindra & Mahindra Ltd Indian MNC None 
Firm-level in India to BOP  
Later to hobby farmers 
Local (smallholders)  
Later export to the USA  
TRRINGO  Mahindra & Mahindra Limited  Indian MNC Mobile services provider Firm-level in India to BOP Local (villages) 
Power tillers comparison (Failure) 
 
Private companies Various Commercial brands None 
Firm-level in developed 
















MoneyMaker (Failure in Zimbawe) 
Dr. Martin Fisher   
Nick Moon 
Ph.D. from the US, UK  
Entrepreneur in Mumbai 
 NGO 
 NGO social enterprise 
(KickStart) to BOP 
Regional, around 70,000 
users 
Communal treadle pumps  
Local Artisan made adaptation to 
Zimbawe conditions 
Local Artisan  
NGO (CARE), FAO and Irrigation 
local institute 
 NGOs to local builders and 
then to BOP  
International, from 
Bangladesh and later 
modified to Zimbabwe 
conditions  
Hand Operated Water Lifting Pump N Sakthimainthan 
Small-holder farmer, poet 
and priest 
Water-harvesting workshop. 
Demonstration at a local college  
BOP-to-BOP Local 
Sunflower pump + drip irrigation  PRACTICA Foundation  Private company 
International Development 
Enterprises (iDE) 
Firm-level in The Netherlands 
to BOP 




Wind powered low cost generators 
Simon Mwacharo G.  
 
Craftskills East Africa Ltd 
Student of history and 
linguistics 
Collaboration with GE to get 
foreign funds for a wind power 
farm 
Local SME  to BOP and then 
to the region 
Regional, around 80 
installations in East 
Africa. 
SQFlex for farms  Grundfos LIFELINK in Denmark  Private company 
Competition sponsored by UNDP 
(1982) 
Firm-level to BOP in Africa 




Rajendra Singh, known as ‘Water 
Man of India’   
Bachelor of Ayurved 
Medicine and Surgery 
(B.A.M.S.) 
TBS, an NGO (northern 
Rajasthan) 
 Local NGO to BOP 
(community) 




Technology for social inclusion 






















Mulch-based method for growing 
potatoes  
Mr Madono  
Active community member, 
enthusiast of sustainable 
Agriculture 
PROLINNOVA among others BOP-to-BOP  
Local and Community 
(home gardens) 
High value cash-crops and new 
marketing arrangement 
Walani Group (9 farmers) Farmers PROLINNOVA among others BOP groups -to-BOP Regional 
Pro-Huerta  
INTA with local promoters 
(farmers) 
Research and public 
institution 
Local Universities and 
organizations 
 Universities to BOP 
BOP groups -to-BOP 
Regional, around 600 
000 smallholders 
Kola tree in cocoa plots (Failure) Local farmers Local farmers Rainforest Alliance, UTZ BOP-to-BOP  Regional 
Seed intervention (Failure) 
-Kenyan Agricultural Research 
Institute  
- Kenya Plant Health Directorate 
Service 
Research institutes generate 
set of instructions. 
Government and 
Local groups 



















Kilimo- Salama  
Partnership with Syngenta for 
Sustainable Agriculture  
MNC Foundation 
Insurance, and telecoms 
operator Safaricom 
Firm-level in developed 
countries to BOP 
Regional 
M-farm Jamila Abass and Susan Oguya .  
Software engineer and 
computer scientist. 
 Firm-level in Africa to BOP 
Local (smallholders, 
farmers groups) 




Universities: TU Delft, Oregon 
State University.  Later, with 
other actors* 
Frugal innovation 
EU2020 projects. Others: Meter 
and IBM  
Universities to BOP  
Recently an NGO 
Regional, 154 stations 















 Agricultural Biomass Gasifier  Raj Singh Dahiya  
Repair of agricultural 
machines, pumps and allied 
machines.  
Micro Venture Innovation Fund 
at NIF - risk capital 
BOP-to-BOP 
Local (farmers, schools 
and universities)  
Client in Germany 
Husk Power - biomass gasification 
system 
Chip R. and Manoj Sinha both 31 
with Gyanesh P. from India. 
University of Virginia 
business students and 
engineer 
Shell Foundation (strategic 
partnership) 
Profit local social enterprise 
(India-USA) to BOP 
Regional (200 villages)  
Plans to expand in 
Southeast Asia and 
Africa 
BOP-to-BOP , Firm-level (MNC in the Global North) to BOP, Firm-level (MNC or local firm in the Global South) to BOP,  Universities to the BOP,  NGOs to BOP, Government to BOP 
Local level refers to the same community, regional refers to outside the community but same country, international refers to the innovation came from other countries or go outside the country of origin. 
*NIF in collaboration with the Small Industries Development Bank of India (SIDBI) setting up a Business Development and Micro Venture Innovation Fund (MVIF) to promote GRI activities in India. 
For references, please consult last column of Appendix A.1 
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The + stated text was found and a potential positive impact is inferred and in () the specific outcome. The X stated text was found and a potential neutral or negative impact is inferred. 
 
  
Sustainable Rural Livelihood capitals 
  
Sustainable Rural Livelihood outcomes 
  
SRL outcomes 
























Chetak + + +   
+ (WB1, 
WB2) 
+(C1, D2) +   +(F1) 
Walnut de-
sheller/cracker 
+ + +   
+ (WB1, 
WB2) 
+(C1, D2) +    
Pepper thresher + + +   
+ (WB1, 
WB2) 
    +(F1) 
Sugarcane bud 
chipper 
+ + + +  + (WB1)   +   
Multi tree climber + + + +  
+ (WB1, 
WB2) 
     
Multipurpose bicycle + + + +  + (WB1)      
Scooter-mounted 
flour mill 
+ + +   + (WB1)      
Bullet Santi + + +   + (WB1) +     
Compost maker for 
mushroom cultivation 
+ + + +  + (WB1)   +  +(F1) 
Yuvraj - Mini tractors      + (WB1) +    +(F1) 
TRRINGO       +    +(F1) 
Power tillers 
comparison (Failure) 
   +  X   X   
MoneyMaker (Failure 
in Zimbabwe) 
   +  + (WB2)  +    
Communal treadle 
pumps 
+       X  +  
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Hand Operated Water 
Lifting Pump 
+     + (WB1)   +(Wf)   
Sunflower pump + 
drip irrigation 
+     + (WB1)  + +  +(F4) 
Wind powered low 
cost generators 
        +(Wf)   
SQFlex for farms      + (WB1)   +   
Johads +  +      +  +(F2) 
Cisterna + +   +    +(Wf)  +(F2) 
Mulch-based method 
for growing potatoes 
+ +   + + (WB1)    + +(F2) 
High value cash-crops 
and new marketing 
arrangement 
+ +   +   +  + +(F4) 
Pro-Huerta + +   +  +(C1) +   +(F2,F4) 
Kola tree in cocoa 
plots (Failure) 
+ +   + X  X    
Seed intervention 
(Failure) 
    +  X X    
Kilimo- Salama    +   +(C1) +    




+     + (WB2) +(C1)    +(F3) 
Agricultural Biomass 
Gasifier 
+     +      
Husk Power - biomass 
gasification system 
+   +  + ( WB1)     +(F2) 
Total frequency 19 14 10 9 6 14 9 7 5 3 14 
WB.1 Reduce labour, B.2 Increased women and children well-being (increase child school attendance and reduce labor), C. Climate risks, D. Debt-wise, M. Market-wise, Wf .Water for food 








Source: https://prezi.com/v/lyxpea_r2iaw/iaaa_agardeazabal_17abril2020/, (Laso Bayas et al., 2020) 
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Questionnaire to assess a mobile phone app technology acceptance of famers in Guanajuato 
The main purpose of this survey is to assess a mobile app technology acceptance of farmers as a data 
provision tool to provide agricultural information and their preferences around the use. 
 
1. Background information (filled by enumerator) 
Date:   Municipality:   Village:  
 
2. Introduction 
[Introduce yourself] Thanks a lot for the time you are taking today. This survey has the objective to 
evaluate the factors that affect the potential willingness to use and the stated preferences when using 
a mobile phone app for agricultural purposes. The results will be used only for research purposes and 
I assure your confidentiality. This survey will be divided into 3 parts. I will need to register the data on 
my cell phone, I hope it does not bother you. In the first part I will ask you some general questions, in 
the 2nd part I will give you some options to choose from. The third part contains questions about your 
intention to use (or not) an application. Thanks again for your time. Do you have any question so far?  
 
3. General information of the respondent 
How old are you?: _____years    Gender:  [ ] Male [ ] Female 
Marital status? [ ] Married [ ] Single [ ] Co habitation [ ] Other          
Do you have any children (sons or daughters) from the age of 18-35? [ ] Yes [ ] No  
What is your educational level?  
[ ] None  [ ] Primary school      [ ]Secondary school [ ] Higher education    [ ] Other, 
specify_________ 
Can you read and write? [ ] Yes [ ] No 
 
4. Farming system (s)  
What are your main sources of livelihood and income?  
[ ] Farming (grain) [ ] Livestock [ ] Horticulture [ ] Other off-farm income    
What is the total land size of your sowed plot (s)? (ha) ______ha     
How many crops do you usually sow (average situation)? _______   P/V:  O/I: 
Do you have any agricultural contract nowadays? [ ] Yes [ ] No 
Are you the owner of the farm or plots? [ ] Yes [ ] No          Around how many hectares you own?  
______ha 
    
5. Extensionist services 
Are you a member of the Innovation Hub (MasAgro)? [ ] Yes [ ] No 
For how many years have you been in contacted with the Innovation Hub?___ years 
Do you receive any additional extensionism service? [ ] Yes [ ] No 
How frequent did you receive advices from extensions’ agents? 






Which are your main sources of information to get agricultural (agronomic) information and advices? 
[ ] Extension agents   
[ ] Organisations     
[ ] Direct communications with neighbours      
[ ] Meetings & Events 
[  ] TV/Radio/Newspaper  
[ ] Social media   
[ ] Mobile phone based (SMS, Whatsapp groups, Ag apps)   
[ ] Internet (websites) 
 
Do you normally follow what the previous sources advise you? [ ] Yes [ ] No      
If No, Which will be the reasons for not following the advices provided by your main sources? 
[ ] Not specific to my location 
[ ] Inappropriate availability of quality inputs (seed, pesticides and fertilizers) 
[ ] Poor or no access to soil and/or water testing  
[ ] Poor access to markets  
[ ] Financial constraints 
[ ] Others issues______________ 
 
From the following list of information on agriculture, what information do you find most useful? (max 
3)  
 [] Weather  
[] Input use in general (fertilizers, seeds, ago-chemicals) 
[] Yields prediction       
[] Income and costs from nearby farms    
[] Advise to manage pest, diseases and weeds    
[] Prices forecasting 
 
6. Network and Mobile phone info. 
Which is the approximate distance to nearest good mobile network place (walking distance in 
minutes)? 
[ ] 0min (on my own farm/home)  
[ ] 5-15 min.  
[ ] 30 min.-60 min  
[ ] more than 1 hour 
 
Mobile phone ownership: [ ] Yes [ ] No      
On average, how much did you spend per month in mobile (Mexican pesos/month)? ________ 
Which kind of phone? [ ] Smart phone [ ] Mid-range Phone [ ] Basic Phone  
For how long, have you own a smart phone?  
On a day, around how much time do you spend on your smart phone on average? __________minutes 
What are the main benefits you perceive about obtaining agricultural information on cell phones?  
[ ]  None 
[ ]  It is a fast way of getting information  
[ ]  Better connected to markets  
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[ ]  Better prices  
[ ]  Increasing yields  
[ ]  Other 
 
7. Familiarity with existing agricultural extension apps. 
Do you know any existing apps for agricultural purpose in the region? [ ] Yes [ ] No 
If you remember the name, could you please provide it? ____________ 
Will you be willing to use them?  Yes [ ] No [ ]   
If no, why you would not use it? 
[ ]  I do not have a phone 
[ ]  I do not have financial means to top up my mobile phone 
[ ]  I do not know how to use it 
[ ]  I am not interested 
[ ]  Other 
 
8. Read following scripted intro.  
First, I would like to thank you once again for participating in this interview. The questions I ask you 
after this point are related to the mobile phone or smartphone, mainly the use of your mobile phone 
to consult and receive agronomic information. Thank you for your valuable time and we will proceed 
to the questions. Please indicate the degree to which you agree with each statement by using the scale 
1 (Disagree strongly), (4) being neutral, to 7 (Agree strongly). See Appendix 3.C Measurement 
Constructs 
 






Constructs Items ID Source 
Behavioral 
Intention (BI) 
-In the future, I intend to use or continue using 
mobile phone apps that provide me with any 
agronomic information.  
-I will always try to use mobile phone apps that 
provide me agronomic information, in my daily life. 
-I plan to use or continue using mobile phone apps 








(Beza et al., 
2018; Venkatesh 
et al., 2012; V. 




-I find agronomic advices provided through a 
mobile phone (cellphone), useful in my daily life.  
-Use a mobile phone (cellphone) app helps me to 
increase my productivity. 
-Using a mobile phone (cellphone) app on a mobile 
phone (cellphone) helps me to me to accomplish 
things faster on my plots.  
-Using a mobile phone (cellphone) increases my 








(Beza et al., 
2018; Venkatesh 
et al., 2012; V. 




-Learning how to use a mobile phone (cellphone)’ 
app is easy for me. 
-My interaction with a mobile phone (cellphone)’ 
app is clear and comprehensive. 
-I find the mobile phone (cellphone)’ apps easy to 
use. 
-It is easy for me to become skilful at using mobile 







(Beza et al., 
2018; Venkatesh 
et al., 2012; V. 




-People whose opinions I value, prefer that I use 
mobile phone (cellphone) apps 
-People who influences how I behave think I should 
use mobile phone (cellphone) apps 
-People who are important to me think that I should 
use mobile phone (cellphone) apps 
-People who are important to me would use mobile 









(Beza et al., 
2018; Venkatesh 
et al., 2012; V. 




-I have the necessary resources to use a mobile 
phone (cellphone) app. 
-I have the necessary knowledge to use a mobile 
phone (cellphone) app. 
-The mobile phone (cellphone) apps are compatible 
with other technologies I use 
-I can get help from others when I have difficulties 









(Beza et al., 
2018; Venkatesh 
et al., 2012; V. 






Trust in extension 
(app provider) vs. 
project 
- The extension services provider is very concerned 
about my crop (s) production. 
-My needs and desires are very important to the 
extension services provider  
- The extension services provider would not 
knowingly do anything to hurt me 
- The extension services provider really looks out for 
what is important to me 
- The extension services provider will go out of its 










(Beza et al., 
2018; Mayer 





MAG in the actual 
app vs. app’ 
advices 
-I want to learn as much as possible about an 
agricultural mobile phone (cell phone) app. 
-It is important for me to completely understand 
the recommendations provided by the agricultural 
mobile phone (cell phone) app. 
-I desire to completely master the use of the 







(Beza et al., 




-If I heard about a new technology, I would look for 
ways to experiment with it. 
-Among my peers, I am usually the first to explore 
new gadgets & technologies. 






(Beza et al., 














To assess configural invariance, unconstrained multi-group measurement models, which allow factor 
loadings to vary across two groups (i.e. between MasAgro-connected farmers and non-connected 
farmers and between younger and older farmers) were developed. The model fit for the configural 
invariance between younger and older farmers was satisfactory (CMIN/DF = 2.198; CFI = 0.933; RMSEA 
= 0.078), and that between connected and non-connected farmers was also satisfactory (CMIN/DF = 
2.403; CFI = 0.927; RMSEA = 0.062) (Milfont and Fischer, 2010). This implied that the models fit both 
groups well and configural invariance was met.  
To assess metric invariance, fully constrained measurement models that constrain the measurement 
weights (i.e., factor loadings) for each measured variable to be equal for the two groups (i.e. between 
younger and older farmers and between connected and non-connected farmers) were developed but 
could not be met. Modification indices were estimates to explore for any linear constraints that could 
be relaxed to improve the model fits, whilst accounting for changes in all the parameters. By leaving 2 
item loadings unconstrained for a non-significant path (SI), acceptable model fits were obtained for 
the partial metric invariance models (all ΔCFI < 0.01). Partial metric invariance is the minimum criterion 
required to validate the analysis (Vandenberg and Lance, 2000). This indicated that the latent variables 













• “Support at first time use” refers to the support provided by an extension agent to the farmer 
to introduce the app and showing how it works. A previous CE study investigated the “input 
time” attribute in the context of a decision support tool adoption by extension advisers (Kragt 
2014). The “input time” attribute considers the time spent learning how to use the app. During 
the field work and workshop preparing this study, the interaction of extension agents with the 
farmers while introducing the app for the first time was observed relevant. As well, this 
attribute is also important to gain insights about the trust in the provider channel. Two levels 
were suggested: No help and with extension agent help. Also, the attribute is consistent with 
the importance of credibility of the provided information to the farmers or agricultural 
professionals in the context of crowdsourcing in agriculture (Minet et al., 2017). 
•  “Data input requirements” refers to the minimum required frequency with which a farmer 
needs to register or update information in the mobile phone app. The information required 
might be the fertilizer use, farm data (input quantities, yields, cereal type) or registration of a 
plot. This attribute was relevant to gain insights in the preferences to update information in 
the app. Four levels were identified: No requirement, Once every 15 days (2 weeks), Once 
every 2 months, Once every productive cycle. If the minimum required is perceived by the 
farmers as easy to comply with, it may incentivise participation or continuous usage. 
•  “Data-usage cost” is the cost of internet data-usage every time the farmer accesses the app. 
A similar attribute has been used previously to assess extension agents’ stated preferences for 
the cost of a pest management decision support tool (Kragt and Llewellyn, 2014). The cost-
benefit perceived by the farmers may be a factor or barrier to farmer participation or 
continuous usage. The cost was calculated along with the app developers from IIASA 
considering the cost of megabytes of internet used per time conducting basic actions in the 
app (register a plot, consult fertilization advices, weather, and benchmark information). 
Around 5 megabytes are used per time (1 megabyte = 0.98 MXN), therefore three levels were 
proposed: 0 MXN, 5 MXN and 10 MXN. The 0 MNX level could be considered as an option 
under which the app will offer free offline features too. 
•  “Access to trainings” refers to a nonfinancial utility or compensation for the use of the mobile 
phone application as special access to trainings and capacity building events in their region. 
The access to face-to-face knowledge exchanges might be perceived as an incentive for 
farmers to keep on using an app or provide data entries. Hence it aims to explore if some 
farmers will accept trainings and capacity building as compensation (nonfinancial utility) and 
if it will motivate farmers’ preference for the use of the mobile phone app. 
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•  “Data sharing” refers to which actors the farmer prefers that will have access to the 
information registered in the app. Data ownership is an important issue in the context of the 
current data revolution and big data applications (Wolfert et al., 2017). Choice experiments 
have been used before to examine privacy trade-offs in smartphone applications (Savage and 
Waldman, 2015), and also to estimate the value which app users gave to their friends’ 
information (Pu and Grossklags, 2017). However this aspect was only recently explored with 
farmers looking at their willingness to join a big data platform (Turland and Slade, 2020). In 
our study four levels are proposed: Only me, everyone including peers, Research institutions 
and Government, Private companies. Research institutes and government are together due to 
the nature of the case study in which the institute developing the app works closely with the 
government in the region (Section 3.1).  
• “Replacing extension services visits” considers the scenarios in which the extension agents 
keep visiting the farmers or not. The attribute is important to add to have a control on the 
perception that the app might replace the visits. This was a concern raised by the farmers 
connected to the innovation hub during the preparatory interviews and field work as the 
extension advisers’ visits are already being conducted in the study area. Two levels are 
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Summer 2017  
 
Summer School ‘Let’s talk Science’ 
Ghent University 
FLAMES Summer School 
Antwerp University 
 
T E A C H I N G  A N D  T U T O R I N G  E X P E R I E N C E S  
 
• Guest lecturer in ‘Applied Rural Economic Research Methods - Partim I’ at the International 
Master of Science in Rural Development (2019-2020) 
• Tutoring a master dissertation ‘University cooperation projects developed by Flemish universities: 
insights from water and agriculture related projects and their contribution to Sustainable 
Development’ - Master of Science in Environmental Sanitation (2018) 
• Tutoring an IMRD internship: ‘Development of business project with rural cooperative in Oaxaca, 
Mexico’ - International Master of Science in Rural Development (2020) 
 
R E L E V A N T  P U B L I C A T I O N S  &  F U T U R E  S U B M I S S I O N  
 
• Peer reviewed scientific journal papers 
Molina-Maturano, J., Speelman, S., De Steur, H., 2019. Constraint-based innovations in agriculture and 
sustainable development: A scoping review. Journal of Cleaner Production 
https://doi.org/10.1016/j.jclepro.2019.119001 
Molina-Maturano, J., Bucher, J., Speelman, S., 2020. Understanding and Evaluating the Sustainability 





Molina-Maturano J., Verhulst N., Tur-Cardona J., Güerena D. T., Gardeazábal-Monsalve A., Govaerts 
B., Speelman S. ‘Understanding smallholder farmers’ intention to adopt agricultural apps: the role of 
mastery-approach and innovation hubs in Mexico.’ 
Laso Bayas, J.C., Gardeazabal, A., Karner, M., Folberth, C., Vargas, L., Skalský, R., Balkovič, J., Subash, 
A., Saad, M., Delerce, S., Crespo Cuaresma, J., Hlouskova, J., Molina-Maturano, J., See, L., Fritz, S., 
Obersteiner, M., Govaerts, B., 2020. AgroTutor: A Mobile Phone Application Supporting Sustainable 
Agricultural Intensification. Sustainability 12, 9309. https://doi.org/10.3390/su12229309 
• To be submitted   
Molina-Maturano J., Tur-Cardona J., Verhulst N., Güerena D. T., Gardeazábal-Monsalve A., Govaerts 
B., De Steur H., Speelman S. ‘Nonfinancial incentives for smallholder farmers to share data in a mobile 
phone app: evidence from a choice experiment’  
• Press article 
Towards Assisi "An exciting opportunity for many young people.” Economy of Francesco Event Stories 
published in Avvenire on 21/12/2019 Website 
 
O R A L  A N D  P O S T E R  P R E S E N T A T I O N S  I N  C O N F E R E N C E S   
• Oral presentations: 
‘Exploring adoption drivers for AgroTutor app: The effect of trust in the provision mechanism of an 
ICT-based tool’ oral presentations in both the 19th Ph.D. Symposium (2018) and 20th edition (2019) 
of the Belgian Association of Agricultural Economists. 
‘Impact of university-driven frugal innovations related to water-food-energy nexus, on sustainable 
development’ at the 7o Symposium of Fellow CONACYT in Europe, Strasbourg, France (2018) in both 
oral presentation and Ideas Laboratory 
• Poster presentation: 
‘Promoting ethical and responsible data management within a toolkit for scaling Citizen Science 
projects’ at the International FAIR Convergence Symposium 2020 
• Accepted but postponed for Covid-19 pandemic 
‘Exploring Farmers Willingness To Adopt Agricultural Information Applications: Insights From A 
Farmer-Centred Innovation Hub In Mexico’ XVI Congress of the European Association of Agricultural 




A W A R D S  +  V O L U N T E E R I N G   
 
• Prize - Best Trans-disciplinary research proposal on Sustainable Development Goals (2018) 
awarded by Ghent University and the jury members: prof. Johan Rockström, the author of 
planetary boundaries and prof. Johan Bouma and prof. Eric Davidson. Research contest & pictures 
• Honorific mention in poster context (Sharing innovative practices) at Water Talks (2016).  
• Organized transferable skills workshops at the Doctoral School: “Publish or Perish culture: how to 
get published?”, and the leadership workshop at the “Women in Science Day 2020”  
• Co-founder of the “Food for Thought” sessions at the department  
• Co-founder of ‘Mexicans at Ghent University’ Association, organize the ‘Mexico Day Event’ 20  
• Volunteer consultant for youth start-up stream on agricultural topics: the case of demo farms 
promoting regenerative agriculture among unemployed youth in Latin America, Africa and Europe. 
 
S K I L L S  A N D  A D D I T I O N A L  I N F O R M A T I O N  
 
• Formally trained and experienced in: Effective communication, Citizen Science, Lean 
Manufacturing, Negotiation Skills 
• Languages:  Spanish (native), English (fluent), French (basic) and Dutch (A2)  
• Hobbies: organizing books clubs and listening to podcasts. 
• Co-curator of @Be4Diversity Twitter account and community engagement admin. for the 
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